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ANNUAL   REPORT  OF   THE   COUNCIL 

FOR   THE   YEAR  1920. 

The  Council  have  pleasure  in  presenting  to  the  members  at  the 
Seventy-fourth  Annual  Genei'al  Meeting  their  Report  of  the  progress 
and  work  of  the  Institution  during  the  year. 

The  changes  which  have  taken  place  in  the  roll  during  1920  are 
shown  in  the  subjoined  tabulated  statement : — 


Hon.  M.     M,      A.M. 

A. 

G. 

Totals. 

Totals  at  Slst  December  1919 

10        2,902   3,557      68 

322 

6,859 

Elected 

Reinstated 

Transferred 

—  128       463'     14 

—  ,          4          16    — 

—  i        56      —     .  — 

213 

Total  additions  during  1920 


—  188       479      14   213     894 


Deceased 
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1 
20        1|       2 

; 

Resigned 



10 

20 ;       2       5 

Erased 



0 

18.  — 

'A 

Graduates      elected) 
Associate  Members  .  J 

— 

— 

— 

— 

25 

Graduates  retired  under  \ 
By-law  3:         .         ./ 

j 

— 

— 

— 

— 

38 

Elections  voided  . 





1 



1 

Transferred  . 

— 

— 

56 

— 

Total  deductions  during  1920 

— 

59 

115 1       3     78 

250 

Net  alterations  during  1920 

+  129 

+364 

+  ll!  +  140 

J  +644 

Totals  at  31st  December  1920 

10 

3,031 

3,921 

79.  462 

; 7,503 
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His  Majesty  the  King  has  conferred  the  following  honours  upon 
members : — 

Baronetcies. — Sir  A.  Trevor  Dawson ;  Colonel  John  R.  Wright. 

Order  of  tJie  Bath.—Siv  Richard  T.  Glazebrook,  K.C.B.,  F.R.S.  {Ron.  Life 
Member) ;  Lieut.-Colonel  D.  Paul,  C.B.,  C.M.G.,  C.B.E.,  R.A.O.C. 

Order  of  St.  Michael  and  St.  George. — Lieut.-Colonel  H.  N.  Foster,  C.M.G., 
C.B.E.,  R.A.S.C. ;  Brig.-General  George  Rollo,  C.M.G.,  D.S.O. ;  Lieut.-Colonei 
C.  F.  Rundall,  C.M.G.,  D.S.O.,  R.E. ;  Colonel  H.  E.  Webb-Bowen,  C.M.G., 
D.S.O.,  R.E. 

Order  of  the  Indian  Empire. — Brig.-General  Lord  Montagu  of  BeaulieUj 
K.G.I.E.,  C.S.L;  Major  Harold  Berridge,  CLE.,  O.B.E.,  R.E. ;  R.  W.  H. 
Harris,  CLE. 

Order  of  the  British  Empire, 

Knight  Grand  Cross  {G.B.E.). — Brig.-General  Sir  Alexander  Gibb,  CB. 

Knights  Commander  (K.B.E.). — Samuel  H.  E.  Barraclough;  The  late 
H.  S,  B.  Brindley ;  John  Dewrance ;  Fred  Lobnitz ;  Alfred  Mansfield ; 
J.  E.  Petavel ;  Captain  F.  W.  Young,  C.B.E. 

Commanders  {C.B.E.). — James  E.  Anderson;  David  Carnegie;  C  C. 
Carpenter,  D.Sc;  Wing  Com.  T.  R.  Cave-Browne-Cave;  Professor  J.  D. 
Cormack,  C.M.G. ,  D.Sc;  Alexander  Craig;  A.  L.  C.  Fell;  M.  S.  Gibb; 
Maurice  Graham;  H.N.  Gresley;  N.  G.  Gwynne ;  George  Hughes;  Lieut.- 
Colonel  P.  H.  Johnson,  D.S.O. ;  W,  J.  Larke  ;  James  Le  Masurier;  Michael 
Longridge ;  Brig.-General  ]\Iagnu3  Mowat ;  Lieut.-Colonel  R.  Oakes,  R.E. ; 
W.  H.  Prescott,  M.P. ;  R.  Whyte  Reid ;  J.  G.  Robinson ;  A.  C  Rogerson ; 
A.  J.  C.  Ross;  Captain  H.  Riall  Sankey,  CB.,  R.E.;  A.  C  Stamer;  T.  E. 
Stanton,  D.Sc,  F.R.S. ;  H.  Travis. 

Officers   (O.B.E.).—  W.   C.   Acfield  ;    Percy  R.   Allen ;    Neale  Andrews 
Lieut.-Colonel  N.  M.  Barron ;  Robert  Blackburn ;  Thomas  H.  Brocklebank 
J.  W.  Brooke,  J.P. ;   R.  P.  Brousson ;   Major  F.  A.  W.  Brown ;   Robert  A 
Bruce  ;  Francis  Carnegie ;  H.  Emory  Chubb ;  G.  E.  Clarke ;   C.  B.  Collett 
Thomas  Cook ;   H.  L.  Critchley ;   Major  B.  J.  Day,  R.E. ;   J.  B.   Dumbell 
Eng.  Com.  W.  R.  Feudick,  R.N. ;  P.  W.  Fawcett ;  Peter  Frank ;  C  W.  L 
Glaze;  Major  T.  E.  Goodeve,  R.E.  [deceased);  0.  S.  Hall;  J.  J.  Hanbury 
Captain  E.  D.  A.  Herbert,  R.G. A. ;  Benjamin  Hick ;  L.  B.  Hogarth  ;  Prof.  A.  R. 
Home ;  Major  E.  J.  Howard,  R.A.F. ;  Major  A.  R.  Layard,  R.A.F. ;  Percy 
Leresche ;    ]\Iajor  J.  C  ^I.  Manley,  R.F.A. ;    R.  G.  Nicol ;    Prof.  John  Orr ; 
A.  A.  Remington ;  C.  0.  Ridley ;  L.  B.  Robinson  ;  Major  Leslie  Roseveare ; 
Major  B.  W.  Shilson,  R.A.S.C.  ;   J.  H.  Smeddle;   C.  E.  Stromeyer;  Arthur 
Stubbs;  R.  A.  Thorn;  Lieut.-Col.  J.  J.  Thompson;  W.  A.  C.  Thorpe;  R.  P. 
Tod  ;   Major  G.  L.  Walton,  R.E. ;   D.  E.  Wilson  ;  G.  W.  Woolliscroft ;  I^Iajor 
A.  J.  Wright,  I.O.:\r.,  R.A.O.C. 

li  2 
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Members  {M.B.E.).—Ca.T^tam  James  Bacon,  R.E.  ;  Edward  Birrell ; 
\V.  G.  Carter;  E.  W.  Cash;  L.  Chatfeild  Clarke;  James  Clayton;  Major 
P.  J.  Cowan;  H.  J.  Donkin ;  J.  S.  Ferguson;  E.  Hubert  Field,  M.C. ;  F.  A. 
Fleming  ;  P.  J.  Haler ;  L.  G.  Horsburgh ;  M.  H.  Kilgour  ;  H.  A.  Lewis-Dale ; 
D.  G.  Mackintosh;  A.  W.  J.  Macleod-Carey ;  H.  G.  Marchant ;  Howard 
]\Iayes  ;  A.  E.  Newby ;  Thomas  E.  Phythian  ;  Arthur  G.  Pitt ;  A.  J.  Rowledge  ; 
W.  A.  B.  Steward;  E.  E.  A.  Talbot ;  W.  A.  T.  Taylor  :  R.  0.  Weston ;  F.  W. 
White  ;  Clement  J.  Wykc. 


Deceases  of  the   following   member 
were  reported  during  the  year  : — 

1871.  Adamson,  Joseph 
1891.  Allen,  Marcos 
1882,  Allen,  W.  M. 
1873.  AsHBDRY,  Thomas 
1877.  Bale,  ]\I.  Powis 
1914.  Ball,  Sir  James  B. 

1902.  Bennett,  A.  E. 
1898.  Berry,  Thomas  (A.M.) 
1906.  Brearley,  W.  H.  (died  1919) 
1881.  Briqgs,  John  H. 
1898.  Brindley,     Sir     H.      S.     B., 

K.B.E.  (A.m.) 
1879.  Browne,  Tomyns  R.,  M.B.E. 
1884.  Butcher,  J.  J.  (died  1919) 
1913.  Cartwright,    William,    Jun. 

(A.M.) 
1905.  Casson,  Robert  (A.M.) 
1905.  Clayton,  J.  A. 
1912.  Cooke,  C.  J.  Bowen,  C.B.E. 

1903.  Croft,  Frederick  L. 
1905.  Cross,  R.T.G.  (A.M.) 
1895.  Daintree,  Thomas  E. 

1897.  Davies,  E.  J.  (died  1919) 
1910.  Easton,  Robert  S.  (A.M.) 

1888.  Geddes,  Christopher 

(died  1919) 

1898.  Glkn,  D.  Corse 
1912.  GoDDARD,  Harold  P.  (A.M.) 
1895.  Groundwater,  Samuel  (A.M.) 

1889.  Hall-Brown,  Ebenezer 
1872.  Hartnell,  Wilson 


1875. 
1879. 
1885. 
1917. 

1897. 

1884. 
1905. 
1904. 
1908. 
1873. 
1913. 
1867. 

1905. 
1900. 
1902. 
1881. 
1912. 
1908. 

1916. 

1873. 
1887. 
1899. 
1916. 

1901. 
1886. 


s  (with    dates   of    election) 

Heenan,  Hammersley 
Hiqson,  Jacob 
HoPKiNSON,  Charles 
Hunter,  James 
Ironsidk,  Sir  William  (A.M.) 
(died  1919) 
KiRKALDY,  John 
L'EsTRANGE,  Arthur  H. 
McCallum,  E.  a.  (died  1919) 
McLaren,  Sir  John,  K.B.E. 
Mair-Rumley,  J.  G. 
Maitland,  Cree 
Mather,    The    Rt.    Hon.    Sir 

William,  P.O.,  LL.D. 
Maxwell,  D.  W.  F.  (died  1919) 
Metcalfe,  James 
NoYES,  Edward  (.4.) 
Patterson,  Anthony 
Plowright,  J.  T. 
PvNE,  F.  D.,  Major,  R.E. 

(A.M.)  (died  1919) 
Rawlings,  p.  T.,  Capt. 

R.N.V.R.  (A.M.)  (died  1919) 
Richardson,  John 
Roberts,  Thomas 
Robins,  G.  Mead 
RoGERSON,  Julian  (A.M.) 

(died  1919) 
Ross,  F.  G.  (A.M.) 
Scott,    James    (Newcastle-on- 
Tyne) 
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1875.  Tangye,  Gkorgj:  1909.  Wilcox,  .T.  (1-. 

1913.  Taylok,     WiLLiA-M      Howard  1911.  Winder,  B.  W. 

(A.M.)  1868.  Wood,  Sir  Lindsay,  Bart. 

1885.  Thorkley,  George  1894,  Worsdell,    Wilson    [Mcvibcr 
190().  Tl-lip,  Wilfred  (AJl.)  of  Council) 

1917.  Wade,  E.  D.  (A.M.)  (died  1918)  1913.  Wright,  Hugh 

1911.  Watson,  Robert  S.  (A.M.)  1877.  Wyvill,  F.  C. 
1902.  Wayte,  J.  B.,  (A.M.) 

Of  these,  Sir  William  Mather,  Sir  Lindsay  Wood,  Mr.  Josepli 
AdamsoD,  and  Mr.  Mair-Rumley  were  among  the  oldest  Members. 
Mr.  Mair-Rumley  served  as  a  Member  of  Council  from  1889  to  1899, 
and  Mr.  Wilson  Worsdell  from  1909. 

The  Memorial  to  the  eighty-eight  Members  of  the  Institution 
and  one  Member  of  the  Staff,  who  had  fallen  in  the  War,  is 
now  ready  to  be  unveiled  in  the  Entrance  Hall.  It  consists  of 
a  mural  tablet  on  which  the  names  of  the  fallen  are  embossed  in 
copper. 

Early  in  the  year  the  Secretary,  Mr.  Worthington,  broke 
down  in  health,  and  the  Council  granted  him  leave  of  absence. 
Subsequently  he  sent  in  his  resignation  which  was  accepted  with 
much  regret.  The  Council  desire  to  place  on  record  their  high 
appreciation  of  the  services  rendered  by  Mr.  Worthington  during 
his  long  service  of  twenty-three  years,  an  appreciation  they  feel 
sure  will  be  shared  by  all  the  Members.  To  fill  the  vacancy  thus 
caused,  the  Council  selected  Brigadier-General  ISIagnus  Mowat, 
C.B.E.,  Member,  for  recommendation  to  the  Members,  and  he  was 
appointed  unanimously  at  the  General  Meeting  in  October. 

Owing  to  the  continued  growth  of  the  work  and  activities  of  the 
Institution,  the  Council  appointed  two  Assistant  Secretaries, 
namely,  Mr.  H.  T.  Chapman  for  General  Business,  and  Mr.  J.  E. 
Montgomrey  for  technical  matters,  proposals  for  membership,  and 
for  examinations.  Mr.  F.  W.  Ford,  who  has  had  charge  of  the 
financial  department  of  the  Institution  for  many  years,  was 
appointed  Accountant,  and  Mr.  A.  B.  Stock,  who  had  assisted  in 
the  work  of  the  Library,  etc.,  was  made  Librarian. 
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A  total  of  115  Council  and  Committee  Meetings  were  held 
during  the  year,  being  an  increase  of  nearly  30  per  cent  over  1919. 
The  number  of  letters  received,  exclusive  of  replies  to  circulars 
such  as  those  relating  to  the  Summer  Meeting,  Conversazione,  etc., 
came  to  26,725,  showing  an  increase  of  over  25  per  cent  of  those 
received  during  the  previous  year. 

The  Accounts  for  the  year  ended  31st  December  1920  are 
submitted  [see  pages  18  to  26),  having  been  duly  certified  by 
the  Auditor.  The  total  revenue  was  £23,092  Os.  7d.,  while  the 
expenditure  was  X29,441  19s.  lOd.  including  c£2,000  invested  for 
Reserve  Funds. 

The  total  assets  amount  to  £163,012  38.  Ad.,  and  deducting 
therefrom  the  £34,025  of  Debentures,  and  other  liabilities,  together 
with  the  total  amount  of  the  four  Reserve  Funds,  viz.,  £57,598  8«.  Od., 
the  Balance  Sheet  shows  a  credit  balance  of  £63,793  6s.  3d. 

The  certificates  of  all  securities  have  been  duly  verified  by  the 
Finance  Committee  and  the  Auditor. 

No  Awards  have  been  made  this  year  for  the  Water  Arbitration 
Prize  and  the  Thomas  Hawksley  Gold  Medal. 

The  following  Grants  were  made  by  the  Council,  for  the  year, 
in  aid  of  the  five  Researches  now  being  carried  on  under  the 
direction  of  the  Institution,  namely : — 

Alloys £220 


Wire  Ropes 
Steam-Nozzles 
Hardness  Tests 
Cutting  Tools 


£100 
£200 
£100 
£200 


A  grant  of  £25  was  made  from  the  Sir  Robert  Hadfield  Prize 
Fund  to  Dr.  Bernard  P.  Haigh,  M.B.E.,  for  his  Paper  on  "  Prism- 
Hardness  "  which  has  been  published  in  the  Proceedings  (page  891) ; 
and  one  of  £10  to  Mr.  H.  Moore,  O.B.E.,  for  his  Paper  on  "A 
small  Ball-Hardness  Testing- Machine "  (page  51).  The  off'er  of 
Prices  will  be  withdrawn  in  January  1922  (page  28). 
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The  various  Research  Committees  have  continued  their  work  as 
follows : — 

Alloys   Besearch. — The    work    of    this    Committee,    under    the 
Chairmanship  of  Sir  John  Dewrance,  K.B.E.,  has  been  carried  on 
at   the    National    Physical   Laboratory.       The    Eleventh    Report, 
containing  the  results  of  the  investigations  since  the  issue  of  the 
Tenth  Report  in  1912,  will  be  presented  during  the  Session  1920-21. 
IT^re  Bojjes  Research. — This  Committee  under  the  Chairmanship 
of   Dr.  H.  S.  Hele-Shaw,  F.R.S.,  has   been   strengthened  by  the 
addition  of    Sir  William  E.  Smith,  C.B.,  a  representative  of   the 
British  Engineering  Standards  Association's  Sectional  Committee 
on   Wire   Ropes,  Mr.    G.  H.   Roberts,  C.B.E.,   Chief   Mechanical 
Engineer,  Woolwich  Arsenal,  and  Professor  Henry  Louis  and  Mr. 
W.  C.  Mountain,  representing  the  Institution  of  Mining  Engineers. 
A  report  entitled  "  Wire  Ropes  for  use  over  Pulleys,"  summarizing 
the   existing   literature    on   the   subject,    compiled   by  Dr.  W.  A. 
Scoble,  Reporter  to  the  Committee,  was  published  in  the  November 
Journal.     A  programme  of  experimental  work  to  be  carried  out  by 
Dr.  Scoble  at  the  Woolwich  Polytechnic  is  being  prepared :  in  the 
meantime  certain  preliminary  observations  on  the  behaviour  of  wire 
ropes  while  passing  over  pulleys  are  being  made,  and  apparatus  is 
being  constructed  for  the  repeated-bending  tests  over  pulleys. 

Steam-Nozzles  Besearch. — This  Committee,  under  the  Chairman- 
ship of  the  President,  has  received  a  grant  of  ^500  from  the 
B.E.A.M.A.  and  a  further  grant  of  £485  from  the  Government 
Department  of  Scientific  and  Industrial  Research.  A  contract  for 
the  construction  of  the  experimental  apparatus  to  be  erected  at 
the  Dickinson  Street  Power  Station,  Manchester,  was  concluded. 
Various  apparatus  had  been  lent  to  the  Committee  during  the  course 
of  the  year,  and  the  plant  was  complete  by  Chi-istmas,  experimental 
work  now  being  in  progress.  It  is  intended  in  the  first  instance  to 
determine  the  discharge  and  efl&ciency  of  non-diverging  nozzles,  the 
most  important  form  for  modern  turbines. 

Hardness  Tests. — The  work  of  this  Committee,  under  the 
Chairmanship  of  Dr.  W.  Cawthorne  Unwin,  F.R.S.,  has  been 
carried  on  at  the  National  Physical  Laboratory  by  Dr,  T,  E.  Stanton, 
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C.B.E.,  F.R.S.  The  investigation  of  Speed  effect  in  Dry  Sliding 
Abrasion  Tests,  and  work  on  Scratch  Hardness  Testing  and  on 
comparative  Ball  and  Cone  Tests  have  been  continued  and  a  Report 
will  shortly  be  published.  A  new  and  interesting  instrument  for 
making  tests  of  Scratch-Hardness  has  been  designed  at  the  National 
Physical  Laboratory. 

Piston  Rings. — The  work  of  this  Committee  is,  owing  to  various 
causes,  still  in  abeyance. 

Cutting  Tools  Besearch. — This  Committee,  under  the  Chairmanship 
of  Sir  John  Dewrance,  K.B.E.,  has  been  enlarged,  and  has  drawn 
up  an  extensive  programme  of  Research  Work  which  involves  the 
appointment  of  six  Panels,  with  co-ordinated  activities.  Two  of 
these  Panels  have  already  been  appointed,  No.  1,  dealing  with  "  The 
Tool-Steel  and  its  Treatment,"  with  Colonel  R.  E.  B.  Crompton, 
C.B.,  as  Reporter,  and  No.  2,  considering  "  Lathe  Tools,"  with 
Mr.  Dempster  Smith,  M.B.E.,  as  Reporter,  and  a  Sub-Committee, 
under  the  Chairmanship  of  Mr.  William  Taylor,  O.B.E.,  is 
investigating  the  fundamentals  of  cutting  action.  A  Bibliography 
on  Cutting  Tools  has  been  compiled  by  Mr.  G.  W.  Burley,  and 
will  shortly  be  published.  Arrangements  are  being  made  for  the 
analysis  of  this  Bibliography  in  respect  of  the  work  of  each  Panel 
in  order  to  form  the  basis  of  ascertained  fact  beyond  which 
research  will  have  to  be  undertaken.  Some  small-scale  cutting 
tests  of  the  comparative  edge-durability  of  certain  tool-steels  have 
been  carried  out  by  Colonel  Crompton,  and  arrangements  are  being 
made  for  experimental  work  on  a  larger  scale,  to  commence  at  an 
early  date,  under  a  Research  Assistant. 

Befrigcration  Besearch. — The  work  of  this  Committee,  under  the 
Chairmanship  of  Sir  J.  Alfred  Ewing,  K.C.B.,  which  had  been 
completed  in  respect  of  its  original  terms  of  reference  by  the 
publication  of  its  Report  in  1914,  was  suspended  during  the  War. 
The  Department  of  Scientific  and  Industrial  Research  has  since 
appointed  an  Engineering  Committee  of  the  Food  Investigation 
Board  of  that  Department,  for  the  purpose  of  earring  out 
researches  in  Refrigeration.  That  Committee,  which  is  also  under 
t'he  Chgiirmanship  of  Sir  Alfred  Ewing,  lis  now  actively  engaged 
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on  researches  of  the  same  character  as  those  which  had  been 
contemplated  by  the  Committee  of  the  Institution.  In  the 
circumstances,  it  did  not  seem  desirable  to  maintain  the  Institution 
Committee,  and  (at  its  own  suggestion)  it  has  been  dissolved. 

Oil-Engincs  Nomenclature  Committee. — Arising  out  of  the 
discussion  on  the  Paper  on  "  Some  Lincolnshire  Oil-Engines  "  at  the 
Lincoln  Summer  Meeting,  the  Council  appointed  a  Committee  to 
consider  the  question  of  the  Nomenclature  of  Oil-Engines.  The 
difficulties  of  reconciling  the  claims  of  inventors  with  scientific  facts, 
and  of  making  recommendations  likely  to  prove  acceptable  to  firms 
engaged  in  the  manufacture  of  Oil-Engines,  are  obvious,  but  it  is 
hoped  that  the  labour  of  this  Committee  may  at  least  result  in  the 
eradication  of  certain  unscientific  terms  now  commonly  in  use. 

Alterations  of  By-Laws  re  Memhership  Applications. — The 
alteration  of  By-Laws  which  took  place  in  February  and  March  has 
resulted  in  raising  the  standard  for  admission  to  the  Institution, 
An  examination  qualification  is  now  compulsory  up  to  the  age  of  33 
and  the  Proposal  Forms  approved  by  the  Council  provide  for  a 
fuller  and  more  explicit  statement  of  the  Candidate's  career  and 
responsibilities.  Instead  of  obtaining  the  signatures  of  supporters, 
not  all  necessarily  from  personal  knowledge,  the  Candidate  is  now 
required  to  give  the  names  of  three  referees,  two  of  whom  at  least 
must  be  corporate  Members  of  the  Institution,  and  it  has  been 
found  that  more  complete  evidence  as  to  the  qualifications  of 
Candidates  is  thus  obtained.  At  the  same  time,  by  publication  in 
the  Journal  of  the  designation  of  each  Candidate  at  least  a  month 
before  his  case  is  considered  by  the  Council,  an  opportunity  is  given 
to  members,  which  the  Council  trust  they  will  use,  of  safeguarding 
the  Institution  against  the  election  of  undesirable  Candidates  in  a 
more  effective  manner  than  was  possible  when  election  was  by 
ballot.  All  communications  with  regard  to  Candidates  are  treated 
by  the  Council  as  confidential. 

Admission  of  Officers  of  H.M.  Forces. — A  number  of  applications 
for  membership  have  been  made  by  Officers  serving  in  technical 
Units  of  H.M.  Forces,  whose  mechanioal  engineering  training  hs^s 
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been  necessarily  of  a  different  nature  to  that  of  civilian  engineers. 
It  has  not  been  found  possible  to  lay  down  any  general  rules 
defining  the  qualifications  which  should  be  demanded  of  such 
Candidates,  and  the  Council  have  considered  each  case  on  its 
merits,  according  to  their  qualifications  as  Mechanical  Engineers. 

Admission  of  Women. — The  question  of  the  admission  of  women 
to  the  Institution  has  been  raised  during  the  year.  The  Council 
have  been  advised  that  the  effect  of  the  Sex  Disqualification 
(Removal)  Act  1919,  is  to  open  the  Institution  to  women  on  equal 
terms  with  men.  They  will  accordingly  consider  any  applications 
for  membership  which  may  reach  them,  but  so  far  they  have 
received  none  in  which  evidence  is  given  of  sufficient  compliance 
with  the  By-Laws. 

Examinations. — The  Institution  Examinations  were  held  in 
April  and  October,  when  62  Candidates  passed  the  Graduateship 
and  61  the  Associate  Membership  Examinations.  A  prize  of  the 
value  of  £5  was  awarded  to  William  Abbott  in  the  April  Associate 
Membership  Examination,  and  prizes  of  the  value  of  £3  each  to 
W.  H.  Morris  and  A.  C.  Page  in  the  April  and  October  Graduateship 
Examinations  respectively. 

The  Council  have  had  under  their  very  careful  considei^tion  the 
difficult  position  of  Candidates  for  admission  whose  careers  had 
been  interrupted  to  a  serious  extent  by  service  in  H.M.  Forces 
throughout  the  War,  and  who,  since  their  demobilization,  have 
secured  positions  of  responsibility  which  prevent  them  from 
studying  for  the  Associate  Membership  Examination.  In  some 
such  cases  it  has  been  found  possible,  by  personal  interviews  with 
the  Candidates,  and  a  close  scrutiny  of  the  records  of  their  general 
and  technical  education,  to  decide  that  they  possessed  a  standard  of 
literary  and  scientific  knowledge  equivalent  to  that  demanded  in 
the  qualifying  examination  for  Associate  Membership. 

Informal  Meetings. — A  new  departure  was  made  during  the 
year  in  holding  Informal  Meetings  for  the  discussion  of  various 
Engineering  topics  on  the  Friday  evenings  during  the  session  not 
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occupied  by  other  functions.  The  number  so  held  has  been  12  and 
the  average  attendance  about  40,  about  one-third  of  the  members 
present  having  taken  part  in  the  discussions. 

The  Meetings  have  been  held  in  the  Reading  Room,  where 
smoking  is  permissible,  a  wide  variety  of  subjects  has  been  discussed, 
and  the  Council  are  of  opinion  that  the  Meetings  have  served  a 
useful  purpose  as  regards  the  interchange  of  knowledge,  social 
intercourse,  and  practice  for  younger  members  in  the  art  of  public 
speaking. 

External  Teclinical  Training. — The  Council  have  had  under 
consideration  requests  from  Government  Departments  and  other 
outside  bodies  for  advice  or  assistance  in  matters  relating  to 
mechanical  engineering  training.  They  are  at  present  engaged  in 
co-operation  with  the  Air  Ministry  on  the  engineering  training 
of  Officers  appointed  to  Short  Service  commissions  in  the  Royal 
Air  Force,  the  object  being  to  fit  such  Officers  as  far  as  possible  to 
tiike  up  the  profession  of  mechanical  engineering  when  their  period 
of  service  in  H.M.  Forces  is  completed. 

A  Grant  of  £50  for  the  year  1920  has  been  made  towards  the 
expenses  of  the  Conjoint  Board  of  Scientific  Societies,  on  which  the 
Institution  has  two  Representatives. 

The  Council  desire  to  thank  the  memkers  and  others  who  have 
made  presentations  to  the  Library.  A  complete  list  of  additions 
will  be  found  on  pages  31-50. 

In  the  early  part  of  the  year  the  Council  invited  Dr.  W. 
Cawthorne  Unwin,  F.R.S.,  Past-President,  to  allow  his  portrait 
to  be  painted  for  the  Institution,  in  recognition  of  his  great 
services  to  this  Institution  and  to  the  Engineering  Profession.  An 
excellent  three-quarter  length  portrait  was  executed  by  Mr.  Harold 
Speed,  and  is  now  hanging  in  the  Council  Room. 

Meetings  and  Papers. — Monthly  General  Meetings  were  held 
during  the  year,  witli   the  exception   of   May,  June,  August,  and 
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September.     These  Meetings  were  occupied  with  the  reading  and 
discussion  of  the  following  Papers  : — 

Recent  Advances   in  Utilization   of   Watcr-Power ;    Ly    Eric   M.  Bcrgstrom, 

Associate  Member. 
Exact    Data    on    the    performanco   of    j\Ieclianical    Stokers    as    applied   to 

"Lancashire"    or    other    narrow-flucd    Boilers;     hy    David    Brownlie, 

Associate. 
The  Hardening  of  Screw-Gauges  with  the  least  Distortion  in  Pitch  (referring 

to   Water    Hardening    and    Oil    Hardening) ;    hy   the    late    Wilfrid   J, 

Lineham,  B.Sc.,  Member.     (Revised  by  G.  T.  White,  B.Sc.) 
Roman  Lincoln;  by  Lieut.-Gol.  E.  Mansel  Sympson,  M.A.,  M.D.,  F.S.A. 
Recent  Excavator  Practice ;  by  F.  H.  Livens  and  W.  Barnes,  Af embers. 
Road  Transport  by  Steam- Vehicles ;  by  P.  W.  Robson,  O.B.E. 
Some  Lincolnshire  Oil-Engines;  by  F.  H.  Livens,  Member. 
The  Human  Factor  in  Industry;  by  A.  Ramsay. 
The  Uniflow  Steam-Engine ;  by  F.  B.  Perry,  Member. 
Note  on  new  Power  Station  for  Messrs.  Marshall,  Sons  and  Co.,  Gainsborough  ; 

by  F.  J.  Cribb,  Member. 
Address  by  the  President,  Captain  H.  Riall  Sankoy,  C.Ji.,  C.B.E.,  R.E.,  ret. 
Sterilization  of   Water   by   Chlorine   Gas;    by   Captain   J.   Stanley   Arthur, 

O.B.E.,  B.Sc.,  A.I.C.,  R.A.M.C.  (T.F.) 
Thermodynamic  Cycles  in  relation  to  the  Design  and  Future  Development  of 

Internal-Combubtion  Motors;   by  William  J.  Walker,   Ph.D.,  Associate 
Member. 

The    following    Paper    was    accepted    for    puljlicition    in    the 
Proceedings,  with  discussion  in  writing : — 

The  Coefficient  of  Discharge  of  Elementary  Nozzles,  by  A.  A.  Jude,  Member. 

The    following    Papers  were   accepted    for    publication    in    the 
Proceedings : — 

Wire  Ropes  for  use  over  Pulleys:  Preliminary  Report  to  the  Wire  Ropes 
Research  Committee;  by  Walter  A.  Scoble,  D.Sc,  Member. 

Helical  Springs;  by  W.  Norman  Thomas,  M.Sc,  Associate  Member. 

Prism-Hardness :  A  new  method  of  testing  Hardness  in  Materials ;  by 
Bernard  P.  Haigh,  M.B.E.,  D.Sc. 

The  Measurement  of  High  Degrees  of  Hardness ;  b}  John  Iniies. 

Hardness  Testing,  by  means  of  two  new  types  of  Machines ;  by  H.  S. 
Prinarose  and  J.  S,  Glen  Primrose,  Associates, 
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"  Thomas  Hawlisley "'  Lecture. — Sir  Richard  T.  Glazebrook, 
K.C.B.,  Sc.D.,  F.R.S.,  Honorary  Life  Member,  delivered  the  seventh 
"Thomas  Hawksley  "  Lecture,  on  "Limit  Gauging"  (Proceedings 
1920,  page  1075),  in  London  on  5th  November.  The  Lecture  was 
repeated  by  Sir  Richard  Glazebrook  in  Manchester,  Birmingham, 
and  Glasgow. 

Local  Correspondnils. — The  thanks  of  The  Institution  have  been 
expressed  to  the  following  members  who  kindly  acted  as  Honorary 
Jjocal  Correspondents  during  the  Session  1919-20: — 

Mr.  Guy  L.  Drury  (Newcastle-on-Tyne). 

Mr.  Frederick  Grover  (Leeds). 

Mr.  John  W.  Hall  (Birmingham). 

Professor  A.  L.  Mellanby,  D.Sc.  (Glasgow). 

Professor  W.  Ripper,  C.H.,  D.Eng.,  D.Sc.  (Sheffield). 

Mr.  David  E.  Roberts  (Cardifl"). 

Mr.  Dempster  Smith,  M.B.E.  (Manchester). 
Six  Local  Meetings  were  held  in  Manchester,  two  in  Birmingham, 
and  one  in  Glasgow,  for  the  further  discussion  of  Papers  presented 
in  London.    Invitations  were  extended  to  the  Members  of  the  Local 
Engineering  Societies  to  attend  and  take  part  in  these  Meetings. 

Local  Branches. — Following  the  adoption  of  new  By-laws  44  to 
48,  relating  to  Local  Branches  (Proceedings  1920,  page  245),  the 
Council  have  acceded  to  Petitions  for  the  formation  of  Local 
Branches  of  the  Institution  in  Birmingham,  Leeds,  and 
Manchester. 

The  first  ]\reeting  of  members  in  each  of  these  localities  will 
be  held  at  an  early  date,  when  the  Local  Committee  will  be 
appointed  and  Rules  formulated  for  the  carrying  on  of  the  Branch. 

Calcutta  and  District  Section. — At  the  request  of  the  local 
Members,  the  Council  have  consented  to  the  merging  of  the  Section, 
with  the  funds,  into  the  Bengal  Association  of  the  Institution  of 
Engineers  (India). 

Council. — In  the  autumn.  Extraordinary  General  Meetings  were 
held,  at  which  a  Resolution  was  passed,  and  confirmed,  with  the 
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object  of  increasing  the  rate  of  promotion  through  the  Council. 
In  future  the  Council  will  comprise  not  more  than  four  Past- 
Presidents,  not  more  than  three  Past  -  Vice  -  Presidents,  and 
Chairmen  of  Local  Branches,  in  addition  to  the  President,  Vice- 
Presidents,  and  Ordinary  Members  of  Council  {see  Proceedings, 
1920,  pages  961-2). 

Summer  Meeting. — The  Summer  Meeting,  which  function  had 
to  be  abandoned  during  the  War,  was  held  in  Lincoln,  20th  to 
23rd  July.  Lieut-Colonel  J.  S.  Huston  acted  as  Chairman  of  the 
Reception  Committee,  consisting  of  members  in  the  locality  and 
other  influential  gentlemen.  Mr.  Alfred  E.  Collis,  Member,  kindly 
acted  as  Honorary  Local  Secretary.  Visits  were  arranged  to  the 
"Works  and  places  of  interest  in  Lincoln,  and  to  Newark, 
Gainsborough,  and  Scunthorpe.  The  attendance  at  the  Meeting 
was  175  members,  20  visitors,  and  6o  ladies. 

A  Conversazione  was  held  in  the  Institution  Building  in  October, 
the  first  since  1914,  and  the  Members  and  Visitox's  were  received 
by  the  President  and  Mrs.  Sankey,  and  the  Council. 

Graduates, — The  Graduates'  monthly  jVIeetings  during  the 
Session  1919-20  were  occupied  by  the  reading  and  discussion  of 
seven  Papers,  the  titles  of  which  were  published  in  the  October 
Journal,  and  a  Prize  of  £5  was  awarded  to  Mr.  T.  F.  Davey  (G.) 
for  his  Paper  on  "  The  Manufacture  of  British  Association  Screw- 
Thread  Gauges,"  and  one  of  X'3  to  Mr.  F.  M.  Green  {G.)  for  his 
Paper  on  "  Modern  Steam-Turbines." 

At  the  April  Meeting,  the  Students  of  The  Institution  of 
Civil  Engineers  and  of  The  Institution  of  Electrical  Engineers 
were  invited  to  attend  a  Joint  Meeting  to  discuss  "  The  Sis-Hour 
Working  Day  and  its  Effect  on  Industiy,"  and  it  is  hoped  that 
similar  Joint  Meetings  will  become  a  feature  in  future  Sessions. 

The  Engineering  Societies  of  the  Universities  of  Birmingham, 
Bristol,  Cardiff,  Edinburgh,  Glasgow,  Liverpool,  and  Manchester, 
and  of  Armstrong  College,  Xewoastle-on-Tyne,  have  again  kindly 
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invited  the  Graduates  in  those  localities  to  attend  their  Meetings 
during  the  Session. 

Arising  from  the  Discussion  at  the  Annual  General  Meeting  on 
the  question  of  admitting  students  and  apprentices  to  some  of  the 
privileges  of  Graduateship,  a  Committee  was  appointed  to  consider 
the  matter,  and  the  Council  have  decided  that  these  young  men, 
(to  be  styled  Student  Visitors),  should  be  permitted  to  receive 
the  Journal  annually  at  the  charge  of  £1,  together  with 
a  ticket  entitling  them  to  attend  the  ]\Ieetings  of  the 
Institution. 

Civil  Engineers'  Begistration  Bill. — The  Institution  of  Civil 
Engineers  advertised  a  Bill  to  be  entered  in  Parliament  dealing 
with  the  Registration  of  Civil  Engineers.  As  it  appeared  to  the 
Council  that  the  proposed  measure  might  interfere  with  the  freedom 
and  status  of  the  Members  of  this  Institution,  representations 
were  made  to  the  Institution  of  Civil  Engineers.  After  some 
friendly  discussion  with  the  latter,  and  other  Institutions,  the 
matter  was  held  back  for  further  consideration,  the  result  of 
which  it  is  hoped  will  be  of  benefit  to  the  profession  and  to  the 
nation. 

Watt  Memorial. — An  appeal  was  made  to  the  Institution  in  1919 
on  behalf  of  a  Memorial  to  be  founded  in  Birmingham  upon  the 
occasion  of  the  centenary  of  the  death  of  James  Watt.  As  a 
Memorial  merely,  the  Institution  had  no  power  under  its  Articles 
to  subscribe  to  the  fund,  but  the  scheme  included  the  erection  and 
equipment  of  a  building  in  the  City  of  Birmingham,  Avhich  should 
serve  not  only  as  a  Watt  Museum  but  also  as  a  Library  and 
Meeting  place,  and  probably  as  Headquarters,  for  the  Local 
Engineering  Institutions.  This  offered  such  direct  advantage  to 
members  of  the  Institution,  especially  in  view  of  the  projected 
Local  Branch  at  Birmingham,  that  the  Council  (after  taking 
legal  advice)  offered  a  contribution  of  .£2,000  payable  as  the 
work  progressed  and  subject  to  its  taking  a  form  clearly  useful  to 
the  Members  and  Associate  Members  in  the  district. 
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Proposed  Closing  of  Ftnshury  Technical  College. — The  proposal 
of  the  City  and  Guilds  of  London  Institute  to  close  the  Finsbury 
Technical  College  at  the  end  of  the  Session  1920-21,  owing 
to  financial  reasons,  has  received  the  attention  of  the  Council. 
In  view  of  the  great  need  existing  for  facilities  for  technical 
education,  and  the  fact  that  Scientific  Schools  and  Colleges 
in  all  parts  of  the  Kingdom  are  overcrowded,  it  was  decided 
that  an  appeal  should  be  addressed  to  the  Institute  asking 
them  to  review  their  decision,  as  it  was  thought  very  undesirable 
that  the  College  with  its  valuable  organization  .and  equipment 
should  be  closed.  A  letter  has  accordingly  been  adtlressed  by  the 
Presidents  of  sixteen  of  the  leading  Technical  Institutions  to  the 
Earl  of  Halsbury,  the  Chairman  of  the  City  and  Guilds  of  London 
Institute,  and  copies  of  the  letter  have  been  sent  to  representsitives 
of  the  Corporation  of  London,  the  London  Livery  Companies,  etc., 
upon  the  City  and  Guilds  of  London  Institute,  and  it  is  hoped  that 
they  will  see  their  way  to  make  such  arrangements  as  will  permit 
the  College  remaining  open  for  at  least  three  years,  or  until  the 
great  stress  caused  by  the  War  has  passed. 

The  Council  h.ave  been  pleased  to  grant  the  loan  of  the  Meeting 
Hall  on  various  occasions  to  several  kindred  Institutions. 

The  Institution  has  been  represented  on  the — 

Courts  of  the  Universities  of  Bristol,  Liverpool,  .and  Sheffield. 
Governing   Board  of  the  Imperial   College  of  Science  and 

Technology. 
General  Committee  of  the  Royal  Society  for  administering 

the  Government  Grant  for  Scientific  Investigations. 
National  Physical  Laboratory. 
Engineering  Committee  of  the  Government  Department  of 

Research. 
British  Engineering  Standards  Main  Committee  and  Sectional 

Committees. 
School  of  Metalliferous  Mining  (Cornwall). 
London  Committee  of  the  University  of  Hong  Kong. 
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Conjoint   Board   of    Scientific  Societies,   organized    by   the 

Royal  Society. 
Royal  Sanitary  Institute  Congress. 
Treasury  Selection  Board  for  posts  in  Ministry  of  Transport, 

etc. 
Conference    on   Training   of  technical   Officers  in  the  Civil 

Service. 
Association  for  Grey  and  Malleable  Cast  Iron  Research. 
Committee   appointed    by   the    Army  Council  re   Corps   or 

Engineer  Pay  of  Officers  in  Technical  Corps 


Benevolent  Fund. 


This  Fund  now  comprises  103  Life  Members,  and  363  Ordinary 
Members  subscribing  not  less  than  Half-a-Guinea.  Legacies  have 
been  left  to  the  Fund  under  the  Wills  of  the  late  Mr.  Thomas 
Roberts,  of  Adelaide  (.£100  duty  free),  and  the  late  ]\Ir.  J.  G. 
iMair-Rumley  (£250).  A  Form  of  Bequest  may  be  obtained  fi'oni 
the  Hon.  Secretary.  The  Committee  of  jManagement  has  been  able 
to  make  several  Grants  during  the  year  to  necessitous  cases. 
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Dr.         ACCOUNT  OF  REVENUE  AND  EXPENDITURE 

Expenditure, 

£     s.    d.      £       s.  d. 
To  Expenses  of  Maintenance  and  Management — 

Salaries  and  Wages ,  and  Pension  .  .  .  8,150  3  11 
Postages,  Telegrams,  and  Teleplwne    .     .      .  1,423    5    /j 

Heating,  Lighting,  and  Power 2G8  12    4 

Fittings  and  Repairs 332  16    7 

Housekeeping 361  10    7 

Incidental  Expenses 116    2  10 

— 10,652  11    R 

,,   Printing,  Stationery,  and  Binding — 

Printing  and  Engraviiig  Journal  .  .  .  .  5,495  6  2 
Statio7iery  and  General  Printing  .  .  .  .  2,615  IS  2 
Binding 215  16    6 

8,327    0  10 

,,  Rent,  Rates,  Taxes,  &c. — 

Ground  Bent  (Birdcage  Walk)       .     .      .     .  1,107  17    2 
Do.        No.  5  Princes  Street      ...       135    0    0 

Rates  and  Taxes 2,062    5    7 

Insurance 190  16    4 

3,495  19     1 

,,   Meeting  Expenses — 

Printing 774     5    8 

Travelling  and  iTicidental  Expenses    .     .     .       239  17    G 

Reporting 94  15    7 

Local  Meetings 125  15    3 

1,234  14    0 

„   Reception 412  10  6 

,,   Dinner  Expenses 255  18  0 

„   Portrait  of  Dr.  W.  Cawthorne  Unwin,  F.R.S 279    6  0 

„   Council  Prizes 21     7  0 

„   Books  purchased 102  19  10 

,,   Examinations 504    7  0 

„   Researches 600    8  9 

,,    Donation  to  Conjoint  Board  of  Scientific  Societies  ....         50    0  0 

,,   Depreciation  on  Furniture  and  Fittings 143  17  2 

,,   Debenture  Interest 1,361    0  0 

„   Debenture  Redemption  Sinking  Fund 1,000    0  0 

„   Staff  Tensions  Fund 1,000    0  0 

£29,441  19  10 
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FOR   THE   YEAR   ENDED   31st   DECEMBER  1920.       Or. 

Revenue. 

By  Subscriptions  for  1920 18,102  10  0 

„   Subscriptions  in  arrear,  paid  in  1920 1,250    0  0 

„   Entrance  Fees 1  075  10  0 

„   Rents  of  Institution  Building 1  588    0  0 

,,   Bank  Deposit  Interest 140  18  0 

„   Sale  of  Proceedings,  Journals,  and  Bound  Volumes— 

Extra  Copies  sold 635    9  1 

„  Examination  Fees 299    3  G 

„  Debenture  Transfer  Fees 0  10  0 

Total  Revenue 23,092    0  7 

,,   Debit   Balance   (exclusive   of  value  of  Subscriptions  in 

arrear),  carried  to  Balance  Sheet 6,349  19  3 


£29,441  19  10 


C   'J, 
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X)r.  BALANCE   SHEET 

To  4%  Debentures  (1912  Issue) :—  ^    n  *n  n          ^      ^'     ^' 

321  Debentures  of  £100  each 32,700    0  0 

23  Debentures  of  S.bO  each 1,150    0  0 

7  Debentures  of  £25  each 1*^5    0  0                   ^    ^ 

,,  Suudry  Creditors— 

ylccownis  owing  a«  31s«  Dec.  1920       .     .     .       5,406  10  10 
Unclaimed  Debenture  Interest  {coupons  not 

Vresented) ^^^    ''    ^      5  5^8  17     3 

„  Piston-Rings  Research  (Investment  of  Mr. 
Williamson's  donation  of  £500  and  In- 
terest), per  contra ^'^"^     ^  ^'^ 

„   Steam-Nozzles  Research  (balance  of  Grants 

and  Interest)  2W  cowira 1,104  16     0       ,   ^,„     ,   ,^ 

l,D4i       1     xu 

„   Subscriptions  paid  in  advance 374  10    0 

,,   Reserve  Funds  (see  pages  22-3)  per  contra—  on    o     k 

Debenture  Redemption  Sinking  Fund    .     11,487     3     5 
Leaseholds  Amortisation     „  „        .     24,346    0    1 

Staff  Pensions  Fund 3,703  14    9 

General  Reserve  Fund 18,061     9    9  ^    ^ 

„  Balance,  being  Capital  of  the  Institution, 
exclusive  of  the  Reserve  Funds  : — 

Balance  at  Slst  Dec.  1910 09,503    8    0 

Deduct — 

Excess  of  Expenditure      £      s.     d. 
over  Revenue  for  the 
year  ended  31st  Dec. 

1920 6,349  19    3 

Balance  of  Govt.  Grant 
for  Steam-Nozzles  Re- 
search, and  Interest, 
transferred  to  account 
of  that  Research  .  .  161  12  G 
•^  6,511  11     9 

63,051  16    3 

Add— 
Amount  received  from  Life  Composi- 

ti07is  during  1920 1^1  10    0    ^^  ^^^    ^    ^ 

163,012    3    4 

„   Trust  Funds  (see  pages  24-G),  per  contra 4,794  18    0 

£167,807     1     4 


Signed  by  the  following  Members  of  the  Finance  Committee  :— 


]\Iark  Robinson  (Chairman). 

W.  H.  Maw. 

H.  S.  Hele-Shaw. 


Christopher  James. 
\V.  H.  Patchell. 
Lough.  Pendred. 


E.  Williamson. 
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AT   31sT   DECEMBER   1920. 

By  Cash  (txclusive  of  Reserve  and  Trust  Funds) — 
In  National  Provincial   and   Union  Bank  of 
England — 

On  Current  Account 

Less  Cheque  outstanding  .      .      175     0     0 
„     Piston-Rings    Research, 

Interest 37    5  10 


£      s. 
314  10 


212     5  10 


Cr. 

s.    d. 


In  the  Secretary's  hands 


132    4 

38  19 


Amount  in  National  Provincial  and  Union  Bank  of  England  to 
meet  unclaimed  Debenture  Interest  (coztpons  not  presented) 

Piston-Rings  Research  (Investment  of  Mr. 
Williamson's  donation  of  £500  and 
Interest),  j^er  contra 537     5  10 

Steam-Nozzles  Research  (balance  of  Grants 

and  Interest),  pe;- coTiira 1,104  16    0 


171  3  10 

172  G     5 


1,642     1  10 


Reserve  Funds,  Investments  and  Cash  in  Bank  for  investment 

(see  pages  22-3),  ^Jer  contra 57,598     8     0 

Subscriptions  in  arrear,  not  valiied. 

Furniture  and  Fittings  (less  depreciation) 1,294  14    8 

Books  in  Library,  Drawings,  Engravings,  Models,  Specimens, 

and  Sculpture  [estimate  of  1893) 1 ,  340    0     0 

Proceedings — stock  of  back  numbers,  not  valued. 

S.        s.   d. 

Institution  House Cost    60,270    2  10 

Princes  Street  Extension „       40,523    5    9 

Depreciation  covered  by  Leaseholds  Sinking     100,793     8     7 

Fund,  per  contra 


Trust  Funds  (Investments  and  Cash  in  Bank,  see  pages  24-6), 
per  contra —  £    s.   d. 

WiUans  Premiimi  Fund 174  15    8 

Water  Arbitration  Prize  Fund 
Starley  Premium  Fund 
Bryan  Donkin  Fund 
Thomas  Hawksley  Fund 
Sir  R.  Hadfield  Prize  Fund 
T.  Bernard  Hall  Prize  Fund 


163,012    3    4 


536  17 

11 

452  18 

10 

393  2 

3 

2.545  9 

9 

154  2 

7 

537  11 

0 

4.794  18    0 


£167,807    1    4 


I  have  examined  the  above  Balance  Sheet  and  report  that  I  have  obtained 
all  the  information  and  explanations  I  have  required.  In  my  opinion  such 
Balance  Sheet  is  properly  drawn  up  so  as  to  exhibit  a  true  and  correct  view 
of  the  state  of  the  Institution's  afiairs  according  to  the  best  of  the  information 
and  explanations  given  to  me  and  as  shown  by  the  Books  of  the  Institution. 

Raymoxd  Crase,  F.C.A., 
Auditor, 
nth  Jamcary  1921.  i6/47  London  Wall,  London,  E.C. 
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DEBENTURE  REDEMPTION  SINKING  FUND. 

{Constituted  on  18th  May  1917.) 

£      s.    d.      £      s.    d. 
Investment  £10,865    5%   War    Stock     1929-1947 

cost  10,201     2    (•) 

Do.         £1,000  5|%  Exchequer  Bonds  1925   „       1,000    0    0 
Do.         £350  4%  Funding  Stock     .         .      „  280    0    0 

11,481     2    6 

Cash  Balance 6    0  11 

Total,  as  per  Balance  Sheet       .         .         .         .     £11,487    3    5 


LEASEHOLDS  AMORTISATION  SINKING  FUND. 

(Constituted  on  IQth  May  1917.) 

£        s.    d.    £       s.  d. 
Investment    £24,750    5%    War    Stock    1929-1947 

cost  23,302  13    6 

Do.         £1,300  4%  Funding  Stock.         .      „       1,040    0    0 

24,342  13    6 

Gash  Balance 367 

Total,  as  per  Balance  Sheet       ,         .         .         .    £24,346    0    1 
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STAFF  PENSIONS  FUND. 

luvcstment  £700  L.  &  S.  W.  Ely.  3%  Consolidated  Deb.  Stock.  £  s.  d. 

Market  Value  at  18th  May  1917  420  0  0 

Do.        £2,700 12s.  Id.  4%  Funding  Stock  .         .         .     cost  2,156  8  2 

Do.        £1,000  5 J%  Exchequer  Bonds  1925          .         .       „  1,000  0  0 


3,576    8    2 
Cash  Balance  •••......         127     6    7 

Total,  as  per  Balance  Sheet  .         .         .         .£3,703  14    9 


GENERAL  RESERVE  FUND. 

Investments —  &      s.     d 

£      s.   d. 
5,408    0    0  L.  &  N.  W.  Ry.  3%  Debenture  Stock. 
5,080  12    0  Midland  Ry.  2J%  Debenture  Stock. 
3,084  10    8  Metropolitan  Water  (B)  3%  Stock. 
1,586    0    0  London  County  3^%  Consolidated  Stock. 
670    0    0  L.  &  S.  W.  Ry.  3%  Consolidated  Deb.  Stock. 

Market  Value  at  18th  May  1917    9,286  18    2 

Investment  £3,011  4s.  lOcZ.  4%  Funding  Stock  .         .         .     aost    2,317  10  11 

Do.        £7,450  Do.     [trans,  hy Deed)     .       „      5,976    2    8 


17,580  11     9 
Cash  Balance  ........  430  18    0 

Total,  as  per  Balance  Sheet  .         .         ,  £18,061    9    9 
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WILLANS  PREMIUM  FUND. 

{Subscribed,  1897,  by  friends  of  tlie  late  P.  W.  Willans,  to  commemorate  the 
services  he  rendered  to  Engineering  and  Electrical  Science.) 
(Under  a  Joint  Trust  with  The  Institution  of  Electrical  Engineers.) 

£     s.   d. 

Investment  £159  8s.  5d.  of  India  3%  Stock cost      165     5    0 

£   s.    d. 

Cash  Balance  from  1919 4  15     4 

Interest  received  in  1920 4  15     4 

9  10    8 

Total,  as  per  Balance  Sheet 174  15    8 

(For  Declaration  of  Trust,  see  Proceedings  1918,  page  23.) 


^yATER   ARBITRATION   PRIZE   FUND. 

(Presented  by  the  late  Sir  Edward  Fry  and  the  Metropolitan  Water  Board,  to 
commemorate  the  holding,  in  the  Institution  building,  of  the  Court  of 
Arbitration,  1903-5,  relating  to  the  purchase  of  tlie  tltider takings  of 
the  eight  London  Water  Companies.) 

£     s.   d. 
Investment  £523  10s.  2d.  of  Metropolitan  Water  (B)  3%  Stock  cost    500    0    0 

£    s.    d. 

Cash  Balance  from  1919 21     3  11 

Interest  received  in  1920 10  19  10 

Income  Tax  refunded  in  1920 4  14    2 

30  17  11 

Total,  as  per  Balance  Shoot 536  17  11 

(For  Regulations,  see  page  27.) 


STARLEY   PREMIUM   FUND. 

{Presented,  1906,  by  the  J.  K.  Starley  Mem/yrial  Committee.) 

£    s.    d. 
Investment  £435  8s.  5d.  of  London  County  3J%  Consolidated 

Stock cost      440    7     6 

£     s.   d. 

Cash  Balance  from  1919 42    0    8 

1  uterest  received  in  1920 10  13    4 

Income  Tax  refunded  in  1920 4  11     4 

67     6    4 

497  12  10 
Award  to  Mr.  L.  A.  Legros,  O.B.E 44  14    0 

Total,  as  per  Balance  Sheet £4.32  18  10 

(For  Declaration  of  Trust,  sec  Proceedings  1916,  page  25.) 
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BRYAN   DONKIN   FUND. 

(Bequest,  1909,  tmder  tJie  Will  of  the  late  Bnjan  Donkin,  Vice-President  1901-2.) 
Investment   £349  15s.   8d.   of  London  County  3J%  Consolidated      £     s.    d. 

Stock cos^    3G0    6    6 

£    s.    d. 

Cash  Balance  from  1919 20  11     1 

Interest  received  in  1920 8  11     8 

Income  Tax  refunded  in  1920 3  13    0 

32  15    9 

Total,  as  per  Balance  Sheet £398    2     3 

(For  Regulations,  see  page  27.) 


THOMAS   HAWKSLEY   FUND. 

(Established  by  the  late  Chai-les  Hawksley,  Member  of  Coimcil  1913-1917, 
to  commemorate  the  Centenary  on  12th  July  1907  of  the  birtli,  of  his 
Fatlier,  the  late  Mr.  Thomas  Hawksley,  F.B.S.,  President  1876-1877 
(died  23  Sept.  1893).) 

Capital —  £     s.    d.        £,     s.    d. 

£1,300  Southend  Waterworks  Co.  4%  Perpetual 

Debenture  Stock    ....     nominal  value  1,300    0    0 
£700  Lowestoft  Water  and  Gas  Co.  4%  Debenture 

Stock nominal  value      700    0    0  . 

Accumulated  Interest  (invested) — 
£420  G.  W.  By.  4^%  Debenture  Stock      .      cost      499  14    6 

2,499  14    6 

Cash  Balance  from  1919 183  13     7 

Interest  received  in  1920 69    4    8 

Income  Tax  refunded  in  1920 29  13    5 

282  11     8 
Mr.  John  Pinches,  making  9  gold      £     s.    d. 

medals 15  i  16     0 

Lecturer,  1920 82    0     5 

236  16    5 

45  15     •.', 

Total,  as  per  Balance  Sheet £2,545     9    9 

(For  Declaration  of  Trust,  sec  Proceedings  1915,  page  25.) 
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SIR  ROBERT  HADFIELD  PRIZE  FUND. 

{Presented,  1917,  brj  Sir  Bohert  A.  Hadfield,  Bart.,  D.Sc,  D.Met.,  F.B.S., 
Vice-President,  to  provide  (1917-1921  inclusive)  a  prize  or  prizes  for  the 
description  of  a  new  and  accurate  method  of  determining  the  Hardness  of 

Metals.) 

£     s.  d. 
Investment  £150  5%  War  Stock  1929-1947  {Bonds)        .        .     cost    142  10    0 

£      s.   d. 

Cash  Balance  from  1919 28  15     1 

Interest  received  in  1920 550 

Income  Tax  refunded  in  1920 2  12    6 

36  12    7 

179    2    7 
Award  to  Dr.  B.  P.  Haigh 25    0    0 

Total,  as  per  Balance  Sheet £154    2    7 

(For  Conditions,  see  page  28.) 


T.  BERNARD  HALL  PRIZE  FUND. 

Presented,  1917,  by  Mr.  T.  Bernard  Hall,  Member,  for  the  provision  of  prizes 

for  original  communications  dealing  icith  inve7ition,  design,  or  research 

in  Mechanical  Engineering,  presented  to  tlie  Institution.) 

£      s.  d. 
Investment,  £500  5%  War  Stock  1929-1947  {transferable  by  Deed) 

nominal  value    500    0    0 

£    s.    d. 
Gash  Balance  from  1919 02  10    0 

luLcrost  received  in  1920 25    0    0 

87  10    0 


587  10  0 

Award  to  Dr.  W.  H.  Hatfield 49  19  0 

Total,  as  per  Balance  Sheet      .....  £537  11  0 

(For  Conditions,  sec  page  30.) 
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Water  Arbitration  Prize. 
Regulations  for  the  Seventh  Aicard,  to  he  made  in  February  1923. 

1.  The  Award  will  be  made  for  the  best  original  Paper 
dealing  with  Ixterxal-Combustiox  Engines,  accepted  by  the  Council 
for  publication  with  or  without  discussion  in  The  Institution 
Proceedings  of  1921  and  1922,  provided  that  the  Paper  be  of 
sufficient  merit  in  the  judgment  of  the  Council. 

2.  Papers  should  be  sent  in  as  soon  as  possible,  but  not  later 
than  1st  April  1922. 

3.  Papers  should  be  illustrated  by  scale  drawings,  but  may  be 
accompanied  by  photographs,  lantern-shdes,  and  specimens. 

4.  Any  Paper  not  accepted  for  printing  in  the  Proceedings 
will  be  returned  to  the  Author. 

5.  The  Prize  ^vill  have  the  value  of  about  £30,  and  wiU  be 
accompanied  by  a  Certificate  bearing  the  Seal  of  The  Institution. 


Bryan  Donkin  Fund. 
Fifth  Award,  to  he  made  in  Fehruari/  1922. 

1.  The  Bryan  Donkin  Award,  consisting  of  the  interest  on 
the  sum  of  .£360  6s.  Qd.,  shall  be  made  triennially  (beginning  in 
February  1910)  Ijy  the  Council,  as  a  grant  or  grants  in  aid  of 
original  research  in  Mechanical  Engineering. 

2.  Applications  for  grants  must  be  received  at  The  Institution 
on  or  before  31st  October  in  the  year  immediately  preceding 
the  year  of  the  next  Award.  Each  application  must  be  accompanied 
by  the  names  and  addresses  of  two  references  as  to  the  ability 
of  the  applicant  to  undertake  the  proposed  research,  and  must 
contain  a  concise  st;\tement  as  to  the  nature  of  the  researcli  and 
the  sum  applied  for,  with  details  of  the  proposed  expenditure. 

3.  All  applications  received  in  accordance  with  Clause  2  shall 
bo  considered  by  the  Council,  on  a  Report  from  the  Jlescaj-ch 
Committee.  Tlie  Council  shall  decide  as  to  the  allocation  of  the 
sum  avaikible,  and  if  it  is  considered  that  none  of  the  applicants 
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is  deserving  of  a  grant,  or  if  the  grants  made  amount  to  less  than 
the  sum  available,  the  surplus  shall  be  devoted  to  aiding  any  of  the 
Kesearches  of  The  Institution,  and  shall  be  distributed  in  such 
proportions  as  the  Council  shall  decide. 

4.  The  full  amount  of  each  grant  made  by  the  Council  shall 
be  handed  over  to  the  applicant  at  his  request.  If  no  request  for 
payment  is  received  within  six  months  the  grant  shall  lapse. 

5.  Any  portion  of  a  grant  not  expended  by  31st  December 
in  each  year  shall  be  forthwith  returned  to  The  Institution,  unless 
permission  in  writing  has  been  previously  received  from  The 
Institution  for  its  retention,  in  order  to  continue  the  research. 

6.  The  recipient  of  a  grant  shall  send  to  The  Institution  on 
each  1st  January  during  the  continuation  of  his  research  a  Report 
of  his  progress,  with  particulars  of  the  expenditure  incurred, 
accompanied  as  far  as  possible  by  vouchers.  He  shall  also,  at  the 
request  of  the  Council,  send  to  The  Institution  a  sttitement  of  his 
experiments  and  the  results  obtained  ;  and  the  Council  shall  be  at 
liberty  to  publish  the  same  in  the  Proceedings  of  The  Institution. 

7.  Any  recipient  of  a  grant  who  fails  to  fulfil,  the  conditions 
in  Claiise  6,  or  whose  Report  is  not  considered  satisfactory  by  the 
Council,  may  be  required  to  return  to  The  Institution  the  whole 
amount  granted  to  him. 


Sir   lloBEKT   Hadfield   Prize. 

For  a  new  Method  of  determining  the  Hardness  of  Metals. 

First  Aicard  was  made  in  January  1918. 

Conditions  of  Award. 

1.  Sir  llobert  A.  Hadfield,  D.Sc,  D.Met.,  F.R.S.,  placed  in 
January  1917  in  the  hands  of  The  Institution  of  Mechanical 
Engineers  the  sum  of  £'200,  which  with  any  income  therefrom  may 
be  awarded  at  the  discretion  of  the  Council  of  The  Institution  as  a 
Prize  or  as  Prizes,  for  the  description  of  a  new  and  accurate  method 
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of  determining  the  hardness  of  metals,  especially  of  metals  of  a  high 
degree  of  hardness. 

2.  The  ordinary  tests  of  hardness,  such  as  are  described  in  the 
Report  of  the  Hardness  Tests  Research  Committee  (Proceedings 
of  The  Institution  of  Mechanical  Engineers,  1916,  pages  677  to  778), 
which  should  be  consulted  by  competitors,  fail  to  some  extent  when 
the  hardness  of  the  material  exceeds  about  600  to  800  Brinell. 
What  is  desired  is  the  description  of  a  research  for  or  an  investigation 
of  some  method  of  determining  hardness  accurately,  suitable  for 
appHcation  in  metallurgical  work  in  cases  in  which  present  methods 
partially  fail. 

3.  The  Award  or  Awards  will  be  made  by  the  Council  of  The 
Institution  of  Mechanical  Engineei's,  whose  decision  will  be  in  all 
cases  final. 

4.  The  Council  will  consider  annually  all  communications 
received,  and  may  then  award  a  Prize  or  Prizes.  But  in  January 
1922  the  oflfer  of  Prizes  will  be  withdrawn,  and  any  unexpended 
balance  of  the  Pi-ize  Fund  will  be  diverted  to  any  other  purposes  to 
be  determined  at  the  discretion  of  the  Council. 

5.  The  Council  may  .award  the  whole  or  any  part  of  the  sum 
available  at  any  time  if  a  communication  is  received  which,  in 
their  opinion,  is  of  sufficient  originality  and  importance  and 
satisfies  the  object  aimed  at ;  or  they  may  from  time  to  time  award 
portions  of  the  Fund,  not  exceeding  in  all  .£75  in  any  one  year,  for 
communications  which  do  not  completely  solve  the  problem,  but 
which  appear  to  advance  the  knowledge  of  methods  of  testing 
hardness.  The  Institution  will  probably  be  wiUing  and  reserve  the 
right  to  publish  in  its  Journal  any  communications  for  which  a  prize 
is  awarded. 

6.  A,  communication  should  be  accompanied  by  scale  drawing 
of  any  new  apparatus  desci'ibed,  or  by  a  model  or  an  example  of 
the  apparatus  itself.  If  the  communication  describes  a  new 
invention,  likely  to  be  of  commercial  value,  it  is  desirable  that 
provisional  protection  should  have  been  obtained  before  it  is 
submitted  for  consideration. 

7.  Communications  should  be  addressed  to  The  Secretary,  The 
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Institution  of  Mechanical  Engineers,  Storey's  Gate,  St.  James 
Park,  London,  S.W.  1,  and  marked  "Method  of  determining 
Hardness,"  and  should  reach  him  at  least  one  month  before  the 
1st  January  in  any  year. 


T.  Bernard  Hall  Prizes. 

Second  Award,  to  he  made  in  Fehninri/  1922. 

Conditions  of  Award. 

A  sum  of  Five  Hundred  Pounds  having  been  offered  by  Mr. 
T.  Bernard  Hall  (Member)  for  the  provision  of  prizes  for  original 
Communications  dealing  with  invention,  design,  or  research  in 
Mechanical  Engineering  presented  to  The  Institution,  the  Council 
liereby  give  notice  : — 

1.  A  medal  prize  or  prizes  of  an  aggregate  value  not  exceeding 
two  years'  net  income  of  the  Trust  Fund  may  be  awarded  every 
second  year  to  the  Author  or  Authors  of  any  original  Communication 
or  Communications  dealing  with  invention,  design,  or  research 
in  Mechanical  Engineering,  published  in  the  Proceedings  of  The 
Institution  during  the  preceding  two  years,  and  which  in  the 
opinion  of  the  Council  shall  be  of  sufficient  merit. 

2.  The  award  or  awards  will  be  made  by  the  Council  of  The 
Institution  of  Mechanical  Engineers,  whose  decisions  will  be  final 
in  all  cases. 

3.  Should  the  value  of  the  awards  made  at  the  end  of  any 
biennial  period  be  less  than  the  income  for  the  period,  the  balance 
may  be  added  to  the  capital  of  the  Fund  or  may  be  used  for 
assisting  researches  at  the  discretion  of  the  Council. 
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LIST  OP  ADDITIONS  TO  THE  LIBRARY  AND  READING  ROOM. 


BOOKS,  see  hclow. 

OFFICIAL  PUBLICATIONS,  seep.  37. 

PAMPHLETS,  seep.  40. 

DIRECTORIES,  ANNUALS,  dc,  seep.  42. 

CALENDARS  and  COLLEGE  REPORTS,  see  p.  43. 

DRAWINGS,  dc,  see  p.  43. 

PUBLICATIONS  OF  SOCIETIES,  dc,  see  p.  44. 

PERIODICALS,  seep.  48. 


BOOKS  (in  order  received). 


Transmission   Gears,   Mechanical,   Electric,   and   Hydraulic,   for   Land  and 

^Marine  Purposes,  by  Edward  Butler. 
A  Treatise  on  British  Mineral  Oil,  edited  by  J.  A.  Greene  ;  from  the  Kershaw 

Donation. 
Mnemonic  Notation    for    Engineering   Formula- :    Report    of    the    Science 

Committee  of  the  Concrete  Institute,  with  explanatory  notes  by  E.  F. 

Etchells ;  from  the  publishers. 
Diesel  Engine  Design,  by  H.  F.  P.  Purday ;  from  the  publishers. 
Chemists'   Manual    of    Non-Ferrous    Alloys,   by  J.   R.   Downie ;    from   the 

publishers. 
Electricity  and  Magnetism  for  Engineers,  Part  I:   Electric  and  Magnetic 

Circuits ;  Part   II :   Electrostatics  and  Alternating  Currents,  by  Harold 

Pender,  Ph.D. 
Structural  Steelwork :  relating  principally  to  the  construction  of  Steel-framed 

Buildings,  by  E.  G.  Beck ;  from  the  publishers. 
The  Management  Problem,  by  E.  T.  Elbourue  ;  from  the  author. 
A  System  of  Physical  Chemistry,  by  W.  C.  McC.  Lewis,  D.Sc.  (2nd  ed.)  in 

three  volumes.     Vol.   I:   Kinebic   Theory;   Vol.   II:    Thermodynamics; 

Vol.  Ill :  Quantum  Theory  ;  from  the  Kershaw  Donation. 
The  Chemical  Analysis  of  Iron  :  A  complete  Account  of  all  the  best-known 

Methods  for  the  Analysis  of  Iron,  Steel,  Pig-iron,  Alloy  Metals,  Iron  Ore, 

Limestone,  Slag,  Clay,  Sand,  Coal  and  Coke,  by  A.  A.  Blair ;  from  the 

Kershaw  Donation. 
Motor  Vehicles  and   their  Engines  :   A   Practical   Handbook   on   the   Care, 

Repair,  and  Management  of  Motor  Trucks  and  Automobiles  for  Owners, 

Chauffeurs,  Garagemen,  and  Schools,  by  E.  S.  Eraser  and  R.  B.  Jones. 


32  ANNUAL   REPORT   FOR    1920. 

Flow  and  Mcasuremeut  of  Air  and  Gases,  by  A.  B.  Eason ;  from  the  Kershaw 

Donation. 
Tidal  Power:   Its  Practical  and  Economical   Utilization,  by  W.  T.  Taylor; 

from  the  author. 
A   Text-Book   on   Machine   Drawing   for   Electrical  Engineers,   forming  an 

Introductory  Treatise  on  the  Construction  of  Electrical  Machinery  and 

Apparatus,  by  E.  Blythc ;  from  the  publishers. 
A  Text-Book  of  Aeronautical  Engineering,  by  A.  Klemiu. 
Electric   Mains  and   Distributing   Systems,  by  J.   R.  Dick  and  F.  Fcrnie. 

(2nd  ed.). 
The  Manufacture  of  Chemicals  by  Electrolysis,  by  A.  J.  Hale. 
Piece-rate,  Premium  and  Bonus,  by  J.  E.  Prosser. 
Practical  Electric  Welding,  by  H.  B.  Swift. 
Wireless  Transmission  of  Photographs  (2nd  ed.),  by  M.  J.  Martin;  from  the 

publishers. 
Selected   Studies  in   Elementary   Physics :    A   Handbook    for   the   Wireless 

Student  aud  Amateur,  by  E.  Blake ;  from  the  publishers. 
Wireless  Telegraphy  and  Telephony :  First  Principles,  Present  Practice  and 

Testing,  by  H.  M.  Dowsett ;  from  the  publishers. 
Wire  and  Sheet  Gauge  Tables  (2nd  ed.),  compiled  by  T.  Stobba;   from  the 

publishers. 
Coal-Tars  and  their  Derivatives,  by  G.  Malatesta ;  from  the  publishers. 

The    following    thirteen    works    are    presented    by    Dr.   W,    Cawthorne 
Unwiu :  — 
A  Treatise  on  Machine  Tools,  etc.,  as  made  by  Wm.  Sellers  and  Co.  (6th  ed., 

1884). 
Die  Steurungen  der  Dampfmaschinen,  by  E.  Blaha  (1885). 
Strength  and  Elasticity  of  Structural  Members,  by  R.  J.  Woods  (1903). 
The   Mechanics  of  Pumping  Machinery,  by  J.  Weisbach  and  G.  Herrmann 

(1897). 
The  Mechanics   of  Hoisting  Machinery,  by  J.  Weisbach  and  G.  Herrmann 

(1893). 
Die  Kraftiibertragung  auf  weite  Entfernungen,  by  G.  Meissner  (1883). 
Theory  of  Structures  and  Strength  of  IMaterials,  by  H.  T.  Bovey  (1893). 
The  Mechanical  Handling  of  Material,  by  G.  F.  Zimmer  (1905). 
Lehrbuch  der  Eisen-Constructionen,  by  B.  Brandt  (1876). 
Enveloppes  de  Yapeur  dans  les  Jlachines  Compound,  by  A.  Witz  (1893). 
Report  of  the  Royal  Commission  of  Inquiry  into  the  Alleged  Defectiveness 

and  Unsuitability  of  the  Baldwin  Locomotives  (1892). 
Schnell-Betrieb,  by  A.  Riedler  (1899). 
An  Investigation  of  the  Coals  of  Canada  with  reference  to  their  Economic 

Qualities  (7  vols.,  1912  1915). 
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The  Use  of  Low-Grade  and  Waste  Fuels  for  Power  Generation,  by  J.  B.  C. 
Kershaw  ;  from  the  publishers. 

American  Hydro-electric  Practice :  a  compilation  of  Useful  Data  and 
Information  on  the  Design,  Construction  and  Operation  of  Hydro- 
electric Systems  from  the  Penstocks  to  Distribution  Lines,  by  Wm.  T. 
Taylor  and  D.  H.  Braymer ;  from  Mr.  William  T.  Taylor. 

Zinc  and  Its  Alloys,  by  T.  E.  Lones. 

The  Dyeing  Industry,  being  a  third  edition  of  "  Dyeing  in  Germany  and 
America,"  by  S.  H.  Higgins. 

Aeroplane  Timbers:  their  Structure,  Formation,  and  Mechanical  and 
Commercial  Properties,  by  G.  R.  Keen. 

Industry  and  Trade :  A  Study  of  Industrial  Technique  and  Business 
Organization ;  and  of  their  Influences  on  the  Conditions  of  Various 
Classes  and  Nations,  by  Alfred  Marshall. 

Automatic  Sprinkler  Protection  (2nd  ed.),  by  G.  Dana. 

Glass  Manufacture  (2nd  ed.),  by  W.  Rosenhain,  D.Sc,  F.R.S. 

Screw  Propellers  and  Estimation  of  Power  for  Propulsion  of  Ships,  also  Air- 
Ship  Propellers  (2nd  ed..  Vol.  I.,  Text,  Vol.  II.,  Atlas),  by  Rear-Admiral 
C.  W.  Dyson,  U.S.N. ;  from  the  Kershaw  Donation. 

Electric  Welding  and  Welding  Appliances,  by  H. -Carpmael;  from  the 
publishers. 

Steam,ship  Coefiicients,  Speeds  and  Powers  (2nd  ed.),  by  C.  F.  A.  Fyfe ;  from 
the  publishers. 

Industrial  Administration  :  A  Series  of  Lectures ;  from  the  publishers. 

Weights  of  Steel  Bars,  Sections  and  Plate  Tables  for  Manufacturers  and 
Merchants,  and  for  Use  in  Offices,  Shops,  Rod  Mills,  Tyre  Mills,  Forges, 
and  Foundries ;  containing  English  and  Metric  Sizes,  Weights  of 
Sections  in  pounds  per  lineal  foot  and  kilograms  per  metre  long.  For 
Square,  Round,  Hexagon,  Octagon,  Three-square,  Quarter-octagon,  Half- 
round,  Oval  Flats,  etc. ;  and  Tables  for  Cogged  Bars,  for  Calculating 
the  Weight  of  Tyres  and  Tyre  Lumps,  Large  Forgings,  and  Casting 
in  Steel;  also  Table  of  Factors  to  find  the  Weight  of  other  Metals 
from  the  Weight  of  Steel,  compiled  by  T.  Stobbs ;  from  the 
publishers. 

Applied  Aerodynamics,  by  L.  Bairstow. 

Silvanus  PhiUips  Thompson,  D.Sc,  LL.D.,  F.R.S. :  His  Life  and  Letters,  by 
J.  S.  Thompson  and  H.  G.  Thompson. 

Oxy-Acetylene  Welding  ^Manual,  by  L.  CampbeU,  jun. 

The  Stresses  in  Hooks  and  other  Curved  Beams,  by  E.  S.  Andrews. 

General  Conditions  in  Electrical  and  other  Engineering  Contracts,  by 
W.  S.  Kennedy,  LL.B.,  with  an  Introduction  by  Sir  Ales.  B.  W.  Kennedy, 
LL.D.,  F.R.S. 
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Ships'   Boats:    their   Qualities,   Construction,   Equipment,   and    Launching 

Appliances,  by  E.  W.  Blocksidge. 
The  Running  and  Maintenance  of  the  Marine  Diesel  Engine :  A  Reference 

Book  for   Marine    Motor    Engineers  and  others  qualifying    as    Motor 

Engineers,  giving  practical  suggestions  from  Sea  Experience,  by  J.  Lamb. 
The  Deterioration  of   Structures   of  Timber,   Metal  and   Concrete  Exposed 

to   the  Action   of   Sea-Water :    First  Report   of  the   Committee  of  the 

Institution  of  Civil  Engineers,  edited  by  P.  M.  Crosthwaite  and  G.  R. 

Redgrave  ;  from  the  Committee. 
The   Reference   Library  of   the   Bennett  College,  Sheffield,  from  Mr.  J.  H. 

Bennett : — 

Beams ;  Boiler  Making ;  Boilers,  Fittings  and  Design ; 
Draughtsmanship,  Vols.  I  and  II ;  Internal  Combustion 
Engines,  Vols.  I  and  II ;  Marine  Engineering ;  Mechanics ; 
Strength  of  Materials ;  Wireless  Telegraphy,  Vol.  I ;  Workshop 
Practice. 

Pyrometry  :  A  Practical  Treatise  on  the  Measurement  of  High  Temperatures 

(2nd  ed.),  by  C.  R.  Darling;  from  the  publishers. 
]\Iodern  History  of  Warships,  Comprising  a  Discussion  of  Present  Standpoint 

and    Recent    War    Experiences,    for    the    use    of    Students    of    Naval 

Construction,  Naval  Constructors,  Naval  Officers,  and  others  interested 

in  Naval  Matters,  by  W.  Hovgaard  ;  from  the  publishers. 
An  Account  of  the  Manufactures  of  the  North  British  Locomotive  Co.,  Ltd., 

during  the  period  of  the  War,  1914-1919,  with  a  Short  History  of  the 

Firms  which  constituted  the  Company  when  formed  in  1903 ;  from  the 

Company. 
Steam    Boiler   Construction;    Rules   of    the   National   Boiler  and  General 

Insurance  Co.,  Ltd.,  with  Notes  on  Material,  Construction  and  Design  of 

Steam  Boilers  and  Similar  Vessels,  by  E.  G.  Hiller ;  from  the  author. 
The  Design  of  Screw  Propellers  with  special  reference  to  Their  Adaptation  for 

Aircraft,  by  H.  C.  Watts,  M.B.E. 
Applied  Aerodynamics,  by  G.  P.  Thomson. 
Oil  Engines :  Details  and  Operation,  by  L.  H.  Morrison. 
Iron  Bacteria,  by  D.  Ellis,  D.Sc. 
Paper  Making  and  its  Machinery  :  including  chapters  on  the  Tub  Sizing  of 

Paper,  the  Coating  and   Finishing  of   Art   Paper   and  the   Coating   of 

Photographic  Paper,  by  T.  W.  Chalmers. 
The  Warner  and  Swasey  Co.,  1880-1920;  from  the  Warner  and  Swasey  Co., 

Cleveland,  Ohio. 
Bridge    and    Structural    Engiuecrb'   Handbook    of    General    Specifi.c,ations, 

Formulae  and  Data  for  the  Design  uf  Cranes,  Bridges,  Foundations,  and 
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Workshop  Buildings,  embodying  the  Practice  of  Sir  William  Arrol  aud 

Co.,  Ltd.,  by  A.  Hunter;  from  the  publishers. 
Aluminium :  its  Manufacture,  Manipulation  and  Marketing,  by  G.  Mortimer. 
Governors  and  the  Governing  of  Prime  Movers,  by  W.  Trinks;   from  the 

publishers. 
Motor  Lorry  Design  and  Construction :  A  Handbook  of  the  Latest  American 

Practice,  by  C.T.  Schaefer. 
Waterproofing  Engineering  for  Engineers,  Architects,  Builders,  Pioofers  and 

Waterproofers,  by  J.  Ross. 
Thermodynamics  for  Engineers,  by  Sir  .James  Alfred  Ewing,  K.C.B.,  D.Sc, 

F.R.S. 
Compressed  Air  Power  :  A  Treatise  on  the  Development  and  Transmission  of 

Power    by   Compressed  Air  for   Engineers   and   Draughtsmen  and   for 

Students  of  Applied  Science,  by  A.  W.  and  Z.  W.  Daw. 
The  Patents,  Designs,  and  Trade   Marks  Acts,  with  Notes   on   all  Recent 

Decisions  and  Changes  in  Law  and  Practice,  by  H.  Fletcher  Moultou  and 

J.  H.  Evans-Jackson. 
Hydraulic    Machinery :    Its    Design   and   Maintenance,   by   the    Hydraulic 

Engineering  Co.,  Chester;  from  Mr.  C.  J.  Hobbs. 
Industrial  Control :  The  Application  to  Industry  of  Direction,  Control  and 

Light,  by  F.  INI.  Lawson ;  from  the  author. 
The  Chemical  Analysis  of  Steel- works'  Materials,  by  F.  Ibbotson ;  from  the 

publishers. 
Colloidal  Fuel :  Composites  of  Oil  and  Carbon,  by  L,  W.  Bates  ;  from  the  author. 
Metals  in  Aircraft  Construction,  by  W.  Hanby,  with  a  foreword  by  L.  Blin 

Desbleds. 
Foundry  Practice :  A  Text-book  for  Molders,  Students,  and  Apprentices,  by 

R.  H.  Palmer  (2nd  ed.). 
Organizing  for  Work,  by  H.  L.  Gantt. 
Ozone,  by  E.  K.  Rideal,  M.B.E.,  Ph.D. 
Practical  Sheet  Metal  Duct  Construction  :  A  Treatise  in  the  Construction  aud 

Erection  of  Heating  and  Ventilating  Ducts,  by  W.  Neubecker. 
Oil  Fuel  Burning  in  Marine  Practice :  A  Manual  of  Practical  Instruction  in 

Oil  Fuel  Burning,  by  J.  W.  M.  Sothern. 
Cotton  Spinning,  by  W.  S.  Taggart.     Vol.  I  (6th  ed.)  ;  Vol.  II  (5th  ed.) ; 

Vol.  ni  (5th  ed.). 
Marconi  Dictionary,  edited  by  J.  C.  H.  Macbeth. 
Radio  Engineering  Principles,  by  H.  Lauer  and  H.  L.  Brown. 
The  Propagation  of  Electric  Currents  in  Telephone  and  Telegraph  Conductors 

(3rd  ed.),  by  J.  A.  Fleming,  M.A.,  D.Sc,  F.R.S. 
Aircraft    and    Automobile    Materials    of    Construction.       Vol.    I:     Ferrous 

Materials,  by  A.  W.  Judge. 
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Text-book  of  Applied  Aeronautic  Engineering,  by  H.  Woodliouse. 

]Modern  Illuminants  and  Illuminating  Engineering  (2nd  ed.),  by  L.  G aster 
and  J.  S.  Dow. 

Structural  Drafting  and  the  Design  of  Details,  by  C.  T.  Bishop. 

Prospecting  for  Oil  and  Gas,  by  L.  S.  Panyity. 

The  Engineering  Enquiry :  A  New  Pocket  Book  for  Engineers,  for  the 
Assistance  of  Agents,  Contractors,  Estimating,  Commercial  and  Technical 
Correspondents,  ^Merchants,  Keprescntativcs,  and  Salesmen,  by  T. 
Thompson. 

Irrigation  Pocket  Book  :  or  Facts,  Figures,  and  Formulae  for  Irrigation 
Engineers  (3rd  ed.),  by  R.  B,  Buckley. 

Technical  Writing,  by  T.  A.  Rickard. 

British  Columbia  Timber  or  Export.  Album  of  40  photographs  with  brief 
particulars  ;  from  the  Agent-General. 

Marine  Engineers'  Handbook,  prepared  by  a  Staff  of  Specialists  and  edited 
by  F.  W.  Sterling ;  from  the  editor. 

The  Fireman's  Handbook  and  Guide  to  Fuel  Economy,  a  Simple  Manual  for 
the  Use  of  Stokers,  Furnaccmen,  Foremen  and  Others  Operating  and 
Controlling  Boiler  and  Furnace  Plant,  by  C.  F.  Wade  ;  from  the  author. 

Heat  Engines  :  Embracing  the  Theory,  Constriiction,  and  Performance  of 
Steam  Boilers,  ^Reciprocating  Steam  Engines,  Steam  Turbines,  and 
Internal  Combustion  Engines,  by  D.  A.  Low  ;  from  the  publishers. 

Exercises  in  Graphic  Statics  with  Examples  of  Its  Application  to  Practical 
Designing  of  Constructional  Steel  Work,  Part  I  (4th  ed.)  :  Roof  Trusses, 
Braced  Cantilevers,  Braced  Crane  Jibs,  &c.,  by  Prof.  G.  F.  Charnock  ; 
from  the  publishers. 

Report  of  the  Steel  Research  Committee  founded  by  the  Institution  of 
Automobile  Engineers  and  the  Society  of  Motor  IManufacturers  and 
Traders  on  an  Investigation  conducted  to  establish  tha  Mechanical 
Properties  of  the  British  Standard  Wrought  Automobile  Steels  (British 
Engineering  Standards  Association  Report  No.  75),  and  Factors  Governing 
Testing  Procedure  in  connection  therewith,  October,  1920 ;  from  the 
Committee. 

The  Dynamics  of  the  Aeroplane,  by  R.  Devillers,  translated  by  W.  J.  Walker, 
Ph.D. ;  from  the  publishers. 

The  Coal  Question  :  An  Inquiry  concerning  the  Progress  of  the  Nation,  and 
the  probable  Exhaustion  of  our  Coal-Mines  (2nd  ed.  1866),  by  W.  S. 
Jevons  ;  from  Mr.  Henry  Adams. 

The  History  and  Description  of  Fossil  Fuel,  the  Collieries,  and  Coal  Trade  of 
Great  Britain  (2nd  ed.  1844)  ;  from  Mr.  Henry  Adams. 

The  Output  Problem,  by  J.  E.  Powell. 

Mathematics  for  Engineers  :  Part  I  (2nd  ed.),  Part  II,  by  W.  N.  Rose. 
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General  Design  of  Warships,  by  W.  Hovgaard ;  from  the  publishers. 

Motor  and  Dynamo  Control :  Theory  and  Practice.     A  Book  for  the  Motor 

and  Switchboard  Attendant,  and  all  Engineers  who  have  the  Care  and 

Control   of  Electrical    Machines    under    their   Supervision,   by    W.   S. 

Ibbetson  ;  from  the  publishers. 
Files  and  Filing,  by  Ch.  Fremont,  translated  by  G.  Taylor ;  from  Mr.  Harry 

Brearley. 
The  Microscope :  its  Design,  Construction,  and  Applications.     A  Sj-mposium 

and  General  Discussion ;  from  Sir  Robert  A.  Hadfield,  Bart. 
The  Centenary  Volume  of   Charles  Griffin  and  Co.,  Ltd.,  Publishers,  1S20  - 

1920,  with  Foreword  by  Lord  Moulton,  P.C.,  G.B.E.,  K.C.B.,  P.R.S.  ; 

from  the  publishers. 
The  Efficiency  of  Pumps  and  Ejectors,  by  E.  C.  Bowden-Smith. 
Carburettors,  Vaporisers,  and  Distributing  Valves  used  in  Internal  Combustion 

Engines  (2nd  ed.),  by  E.  Butler. 
Applied  Naval  Architecture,  by  W.  J.  Lovett. 
:\Iargarine,  by  W.  Clayton. 

Union  Textile  Fabrication :    with   Numerous   Original   Diagrams,   Sectional 
Drawings,    and    Photographic     Reproductions    of     Spun    and     Woven 
Specimens  in  the  Text,  by  R.  Beaumont. 
The  ilanufacture  of  Sugar  from  the  Cane  and  Beet,  by  T.  H.  P.  Heriot. 
Geometrical  Properties  of  Ship  Girders  and  Sections  ;  from  Lloyd's  Register. 


OFFICIAL  PUBLICATIONS. 
British  Isles. 

Directory  of  Joint  Standing  Industrial  Councils;  Interim  Industrial 
Reconstruction  Committees  and  Trade  Boards  with  Index  of  Members, 
January  1920 ;  Report  of  the  Board  of  Education  for  the  year  1918- 
1919;  Reports  for  the  year  1919  on  the  Science  :\ruseum,  and  on  the 
Geological  Survey  and  the  Museum  of  Practical  Geology  ;  Regulations 
for  Scholarships,  Exhibitions,  etc.,  in  Science,  for  the  year  1920;  from  the 
Board  of  Education. 

Board  of  Trade  Reports  on  Boiler  Explosions  ;  Report  to  the  Secretary  of  the 
Board  of  Trade  upon  the  Working  of  the  Boiler  Explosions  Acts  1882  and 
1890,  during  the  year  ending  30  June  1916;  Instructions  as  to  the  Survey 
of  Life  Saving  Appliances ;  Instructions  to  Surveyors.  Bilge  Pumping 
Arrangements  in  Passenger  Steamships  (Circular  1615);  Standard 
Conditions  for  the  design  and  construction  of  Marine  Boilers  ;  Statutory 
Rules  and  Orders  1920,  No.  876,  Merchant  Shipping-Wireless  Telegraphy ; 
Circular  1024-Instruction3  to  Surveyors  ;  from  the  Board  of  Trade. 
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Annual  Report  of  the  Chief  Inspector  of  Factories  and  Workshops  for  the 
year  1919 ;  Safety  Pamphlets  Nos.  1-5 ;  Report  of  Proceedings  at 
Industrial  Safety  Conference  ;  from  the  Chief  Inspector  of  Factories. 

The  Commercial  Future  of  Airships,  Address  hy  E.  Z\I.  Maitland  to  the 
Royal  Society  of  Arts,  21st  April  1920;  Half  Yearly  Report  on  the 
Progress  of  Civil  Aviation  (1  April  1920-30  Sept.  1920) ;  Professional 
Notes  and  Technical  Memorandums ;  from  the  Air  Ministry. 

Fourteenth,  Fifteenth,  Sixteenth  and  Seventeenth  Annual  Reports  of  the 
Metropolitan  Water  Board  for  the  years  ended  31st  March  1917,  1918, 
1919  and  1920  ;  from  the  Metropolitan  Water  Board. 

Fourteenth  and  Fifteenth  Annual  Reports  of  the  Meteorological  Committee 
for  the  years  ended  31st  March  1919  and  1920 ;  British  Meteorological 
and  Magnetic  Year  Books,  1910,  191G,  and  1918 ;  Southport  Auxiliary 
Observatory  Annual  Report,  1919 ;  Professional  Notes ;  Geophysical 
^Memoirs  and  Journal ;  from  tlie  ^Meteorological  Office. 

Illustrated  Official  Journal  (Patents) ;  Abridgements  of  Specifications  ;  Subject 
List  of  Works  on  the  Textile  Industries  and  Wearing  Apparel,  etc.  (New 
Series  CO  20-CZ) ;  from  H.M.  Patent  Office. 

Bulletin  No.  4. — Memorandum  on  Solid  Lubricants ;  Report  of  the  Fuel 
Research  Board  for  the  years  1918-1919  ;  The  Peat  Resources  of  Ireland 
(Special  Report  No.  2)  ;  Report  of  the  Committee  of  the  Privy  Council 
for  the  year  1919-20 ;  Report  of  the  Food  Investigation  Board  for  the 
year  1919  ;  Report  of  the  Lubricants  and  Lubrication  Inquiry  Committee  ; 
from  the  Scientific  and  Industrial  Research  Department. 

Africa. 

Twenty-fifth  Annual  Report  of  the  Rhodesia  Chamber  of  Mines,  1919 ;  from 
the  Rhodesia  Chamber  of  Mines. 

Report  of  Motor  Tractor  Ploughing  Trials  at  the  Elsenburg  School  of 
Agriculture,  Mulder's  Vlei  (C.P.) ;  received  from  W.  S.  H.  Cleghorne 
[A.M.) ;  Annual  Reports  of  the  Secretary  for  Mines  and  Industries  and  the 
Government  Mining  Engineer,  81st  December  1919 ;  Official  Year  Book 
of  the  Union  of  South  Africa  and  of  Basutoland,  Bechuanaland 
Protectorate  aud  Swaziland — Statistics  mainly  fcr  the  Period  1910-1918  ; 
from  the  Union  of  South  Africa. 

Grain  Elevators  for  Union  of  South  Africa — Report  by  William  Littlejohn 
Philip,  O.B.E. ;  from  South  African  Railways  and  Harbours. 

Municipal  Council  of  Johannesburg — Annual  Report  of  the  Town  Engineer 
for  the  year  ended  30th  June  1919 ;  from  Mr.  G.  S.  Burt  Andrews. 

Fifteenth  Annual  Report  of  the  Rand  Water  Board  for  the  Financial  Y''ear 
ended  31st  March  1920 ;  from  Mr.  William  Ingham  (Johannesburg). 
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Argentine  Bepublic, 

Apendice  and  Memoria,  :\Iinisterio  de  Obras  Puhlicas ;  from  tlie  Minister  of 
Public  Works. 

Australia. 

Australian  Official  Journal  of  Patents ;  from  the  Department  of  Patents  of 
the  Commonwealth  of  Australia. 

Report  of  the  Department  of  Public  Works  for  the  year  ended  30th  June  1919 ; 
Annual  Report  of  the  Department  of  Mines,  New  South  Wales,  for  the 
year  1919;  The  Official  Year  Book  of  New  South  Wales,  1918;  Report 
of  the  Commissioners,  New  South  Wales  Government  Railways  and 
Tramways  for  the  year  ended  30th  June  1920 ;  from  the  Government  of 
New  South  Wales. 

Port  of  Sydney— Official  Handbook;  from  the  Sydney  Harbour  Trust 
Commissioners. 

Annual  Report  of  the  Under  Secretary  for  Mines  for  the  year  1919 ;  :\Iiniug 
Journal ;  from  the  Government  of  Queensland. 

Annual  Report  of  the  Chief  Inspector  of  IMachinery  and  Chairman  of  the 
Board  of  Examiners  for  Engine-drivers  for  the  year  ended  31st  December 
1918,  with  Statistics  ;  Report  on  the  working  of  the  Government  Railways 
and  Tramways  for  the  year  ended  30th  June  1919;  Report  of  the 
Department  of  Mines  for  the  year  1918  ;  from  the  Department  of  IMines, 
Western  Australia. 

Canada. 

Twenty-ninth  Annual  Report  of  the  Ontario  Department  of  Mines,  Vol.  XXIX, 
Parts  III  and  V;    also  various  Bulletins,  Memoirs  and  Reports  of  the 
Department  of  Mines,  Ottawa ;  from  the  Government  of  Canada. 
Water  Powers  of  British  Columbia,  by  Arthur  V.  White,  Ottawa,  1919 ;  from 
the  Commission  of  Conservation,  Ottawa. 

Chitia, 
List  of  the  Chinese  Lighthouses,  Light-Vessels,  Buoya  and  Beacons,  1920 ; 
from  the  Inspector-General  of  Chinese  Customs. 

India, 

Classified  List  of  State  Railway  Establishment  and  distribution  Return  of 
Establishment  of  all  Railways,  3l3t  December  1919;  Classified  List  of 
Establishment  to  31st  December  1919 ;  from  the  Registrar. 

Records  of  the  Survey  of  India,  Vol.  X  and  XIII :  Annual  Reports  of  Parties 
and  Officers,  1915-16,  1917-18  ;  prepared  under  the  direction  of  Colonel 
Sir  S.  G.  Burrard,  K.C.S.I.,  and  Colonel  C.  H.  D.  Ryder,  C.I.E.,  D.S.O, 
(Surveyor-General  of  India) ;  Railways  in  India— Administration  Report 
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for  the  year  1918-19,  Vol.  I  (Report),  Vol.  II  (Appendices) ;   Technical 
Papers ;  from  the  Government  of  India. 

New  Zealand. 
Journal  of  Science  and  Technology ;  from  the  Board  of  Science  and  Art. 

United  States. 
Fourteenth  Annual  Report  of  the  Board  of  Water  Supply  of  the  City  of  New 

York,  31st  December  1919 ;  from  the  Board  of  Water  Supply. 
National  Research   Comicil,   Bulletin,   Vol.   I,   No.    1 ;    from    the   National 

Academy  of  Science. 
Bureau  of  Standards,  Scientific  and  Technologic  Papers  ;   from  the  Department 

of  Commerce. 
Professional  Papers,  Water-Supply  Papers,  Bulletins  and  various  Pamphlets ; 

from  the  U.S.  Geological  Survey. 
Official  Gazette  ;  from  the  United  States  Patent  Office. 

PAMPHLETS. 

Apprentice  Training  by  the  British  Thomson-Houston   Co.,  Ltd.,  Rugby; 

from  the  Company. 
A  New  Prime  Mover  of  High  Efficiency  and  British  Origin— The  Still  Engine, 

by  F.  E.  D.  Acland ;  from  Mr.  H.  A.  D.  Acland. 
Central  Electric  Stations  in  Canada,  Part  II — Directory,  by  J.  T,  Johnston ; 

from  the  author. 
Foundations  for  Machinery,  by  Henry  Adams  ;  from  the  author. 
Report  of  Committee  on  Registration  of  Engineers ;   from  the  Engineering 

Council,  N.Y. 
Report  of  Committee  on  Classification  and  Compensation  of  Engineers ;  from 

the  Engineering  Council,  N.Y. 
Examples  in  Heat  and  Heat  Engines,  by  T.  Peel. 
Photo-Elastic  and  Strain  Measurements  of  the  Effects  of  Circular  Holes  on 

the  Distribution  of  Stress  in  Tension  Members,  by  Prof.  E.  G.  Coker, 

D.Sc,  F.R.S.,  K.  C.  Chakko,  and  Y.  Satake  ;    from  Prof.  E.  G.  Coker, 

D.Sc,  F.R.S. 
Motor  Transport  in  the  Sudan,  by  J.  Rhodes  ;  from  the  author. 
Some  Sanitary  Installations,  and  an  Experiment,  in  Patna,  by  F.  C.  Temple  ; 

from  the  author. 
Motor  Craft  for  Shallow  and  Obstructed  Waters,  by  J.  H,  W.  Gill ;  from  the 

author. 
Presidential  Address  to  the  Inst.  C.E.  Manchester  Association  of  Students,  by 

J.  P.  Bedson  ;  from  the  author. 
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Gas   ia  Relation   to   Increased   Output   and   National   Economy,  by  H.  I\I. 

Thornton ;  from  the  author. 
Pieux  et  Sonnettes,  by  E.  Noe  and  L,  Troch  ;  from  the  publishers. 
Naval  Engineering:   Four  Historical  Lectures,  with   blue   prints,  by  E.  C. 

Smith ;  from  the  author. 
Fine    Measurement    in    Engineering   Workshops,    a    Lecture   by  V.   I.   N. 

Williams;  from  Sir  W.  G.  Armstrong,  Whitworth  and  Co. 
Resistance  des  Materiaux  et  Elasticite,  by  G.  Pigeaud ;  from  the  author. 
Utilisation  des  Vapeurs   d'Echappement    dans  les  Houilleres   en   vue   de   la 

Production  d'Energie  Electrique,  by  A.  Barjou  ;  from  the  publishers. 
Notes  on  Operating  a  By-Product  Producer  Gas  Plant  for  Power  and  Heating, 

by  W.  H.  Patchell ;  from  the  author. 
Calculating  Machines,  by  Dr.  E.  M.  Horsburgh ;  from  the  author. 
Metallographic  Phenomena  observed  in  Amalgams,  by  A.  W.  Gray ;  from  the 

author. 
The  Most  Suitable  Steels  for  Automobile  Parts,  by  Dr.  W.  H.  tiatfield  ;  from 

the  author. 
Development  of  the  Cold  Storage  of  the  Port  of  London  Authority,  by  H.  J. 

Deane  ;  from  the  author. 
Dorman  Wave  Power  Tools  ;  from  the  publishers. 
The  Hele-Shaw  Hydraulic  (Oil)  Clutch ;  from  the  publishers. 
Exact  Data  on   the   Running  of  Steam  Boiler  Plants,  by  D.  Biownlie  :— 

No.  1,  Economisers.     No.  2,  The  Performance  of  Colliery  Steam  Boiler 

Plants  and  the  Saving  to  be  obtained  by  their  Reorganization.     No.  3, 

The  Amount    of    Steam   Used   by   Steam   Jets.      Coal   Saving  by   the 

Scientific  Control  of  Steam  Boiler  Plants;    from  Messrs.  Browulie  and 

Green,  Ltd. 
Presidential  Address  to  the  British  Commercial  Gas  Association,  1920,  by 

Sir  Robert  A.  Hadfield,  Bart.,  F.R.S.,  D.Sc,  D.Met. ;  from  the  author. 
Our  Coal  and  our  Coal-Pits  :   The  People  in  Them  and  the  Scenes  around 

Them  (in  2  parts),  by  "  A  Traveller  Underground,"   (1853)  ;    from   Mr. 

Henry  Adams. 
.The  Electricity  (Supply)  Act,  1919 :  with  Notes,  by  W.  S.  Kennedy,  LL.B. 
Engineers  Unite :  High  Spots  in  the  Washington  Organizing  Conference  of 

the  Federated  American  Engineering  Societies,  June  3  and  4,  as  Reported 

and    Interpreted   by   the   Editors   of  the   Technical    Press ;    from    the 

publishers. 
Shock  Tests   and   Their    Standardization :    Including  the   Effect    of    High 

Velocities   on  Impact  up  to  2,870   feet   per  second,  by  Sir   Robert   A. 

Hadfield,  Bart.,  F.R.S.,  and  S.  A.  Main  ;  from  Sir  Robert  A.  Hadfield, 

Bart.,  F.R.S. 
Baldwin  Locomotive  Works  :  Record  No.  95. 
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DIRECTORIES,  ANNUALS,  REFERENCE  INDEXES,  dc. 

The  Aviation  Pocket-Book  for  1919-20 :  a  Compeudium  of  Modem  Practice 

and  a  Collection  of  Useful  Notes,  Formulse,  Rules,  Tables,  and   ]J)ata 

relating  to  Aeronautics,  by  R.  B.  Matthews, 
Directory  of  Directors,  1920. 

The  "  Electrician  "  Electrical  Trades'  Directory  and  Handbook,  1920. 
The   Engineering   Index,   monthly   issues   for    Feb.,   Aug.,   Sept.,   Oct.    and 

Nov.  1920. 
The  Engineer's  Year  Book,  1920,  by  H.  R.  Kempe  ;  from  the  proprietors. 
Garcke's  Manual  of  Electrical  Undertakings,  1920. 
The  Jews'  Who's  Wlio  :  Israelite  Finance,  its  Sinister  Influence  ;  from  the 

publishers. 
Kelly's   Directory  of    the   Engineers,   Iron,   Metal,   and   Electrical   Trades, 

1920, 
Kelly's  Directory  of  Merchants,  Manufacturers,  and  Shippers  of  the  World, 

Vols.  I  and  II,  1920. 
Kelly's  Post  Ofl&ce  London  Directory,  1921. 
Lloyd's  Register  of  Shipping — Report  of  the  Society's  Operations  during  the 

year  1919-1920  ;  from  Lloyd's  Register, 
London  Master  Builders'  Association,  Handbook  and  Diary,  1920. 
Official  Year  Book  of  the  Scientific  and  Learned  Societies,  1919. 
"Practical  Engineer"  Electrical  Pocket  Book   and   Diary,  1920;   from  the 

publishers. 
"The   Practical   Engineer "  Mechanical  Pocket  Book   and  Diary  for  1920; 

from  the  publishers. 
The  Railway  Year  Book  for  1920  :  The  Whitaker  of  the  Railway  World, 
Revue  de  L'lng^nieur  et  Index  Technique,  Bruxelles,  Vol.  XXVI,  Nos.  1-6, 

Vol.  XXVII,  Nos.  1-6. 
Ryland's   Colliery,   Iron,   Steel,   Tin-Plate,   Engineering   and   allied   Trades' 

Directory,  1920. 
Stock  Exchange  Y'ear  Book,  1920. 

Whitaker's  Almanack,  1921 ;  from  the  British  Electric  Transformer  Co. 
Who's  Who,  1921. 

Who's  Who  in  Engineering,  1920;  edited  by  J.  E.  Sears,  C.B.E. 
Year  Book   of  Wireless   Telegraphy   and  Telephony,  1920 ;   from  Marconi's 
Wireless  Telegraph  Co. 
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CALENDARS  AND  COLLEGE  REPORTS 

{from  tlie  respective  Authorities). 

British  Isles. 

University  of  Birmingham  ;  Calendar,  1919-20. 

City  of  Bradford  Technical  College ;  Calendar,  1920-21. 

University  College  of  South  Wales  and  Monmouthshire ;  Prospectus,  1920-21. 

Edinburgh  University  ;  Calendar,  1920-21. 

Glasgow  University ;  Calendar,  1920-21. 

University  of  Leeds ;  Fifteenth  Report,  1918-19,  and  Calendar,  1920-21. 

University  of  Liverpool ;  Calendar,  1920-21. 

City  and  Guilds  of  London  Institute  ;  "  The  Central." 

Imperial  College  of  Science  and  Technology  ;  Calendar,  1920-21. 

King's  College,  London  ;  Calendar,  1920-21. 

The  South  Western  Polytechnic ;  Prospectus,  1920-21. 

University  College,  London  ;  Calendar,  1920-21. 

The  Technical  College,  Loughborough ;  Calendar,  1920-21. 

Victoria  University  of  Manchester  ;  Calendar,  1920-21. 

University  College  of  Sheffield  ;  Calendar,  1920-21. 

Africa. 
University  of  Cape  Town,  Engineering  and  Scientific  Society  ;  Calendar,  1920. 

Australia, 
South  Australian  School  of  Mines  and  Industries;  Annual  Report,  1919. 

Clnna. 
University  of  Hongkong  ;  Calendar,  1919-20. 

Japan. 
Imperial  University  of  Kyushu;  Vol.  II,  No.  1. 
Imperial  University  of  Tohoku ;  Science  and  Technology  Reports. 
Imperial  University  of  Tokyo  ;  Journal. 

United  States.  • 

Worcester  Polytechnic  Institute ;  Catalogue,  1919-20. 

DRAWINGS. 

Drawings  of  Steam  Engines  and  Pumps,  by  Messrs.  Carrett,  Marshall  and 

Co.,  (1855) ;  from  Mr.  Harold  Beck  with. 
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A  SMALL  BALL-HARDXESS  TESTIXG-MACHIXE. 


Bv  H.  MOORE,*  O.B.E.,  B.Sc,  F.I.C.,  of  the  Research 
Department,  Woolwich. 


[Selected  for  Publication.'] 

It  had  been  intended  that  Mr.  R.  Mather,  who  was  associated 
with  the  Author  in  the  design  and  development  of  the  machines 
to  be  described,  should  be  a  co-author  of  this  Paper,  but  owing 
to  Mr.  Mather's  absence  in  India,  this  has  not  been  possible. 

The  Brinell  ball-hardness  test,  as  commonly  applied,  employs 
a  ball  of  10  mm.  diameter  and  a  load  of  3,000  kg.,  although  other 
balls  and  loads  are  not  infrequently  used.  The  limits  of  thickness 
and  other  dimensions  of  the  specimen,  relative  to  the  size  of  the 
impression,  within  which  correct  results  are  given  by  the  ball- 
hardness  test,  were  studied  by  the  Author  f  some  years  ago.  It 
was  found  that  generally  the  dimensions  of  the  test-piece  had  no 
appreciable  effect  on  the  hardness  number  obtained,  provided  that 
the  depth  of  the  impression  did  not  exceed  one-seventh  of  the 
thickness  of  the  test-piece,  and  that  the  diameter  of  the  impression 
did  not  exceed  one-half  of  the  distance  of  the  edge  of  the  impression 
from  the  edge  of  the  test-piece.  In  some  cases  it  is  possible  to 
determine  accurately  the  Brinell  hardness  of  specimens  which  do 
not  quite  come  within  these  limits,  and  the  form  of  the  specimen, 
and  still  more  its  method  of  support,  are  factors  afEecting  the  limiting 
conditions.  In  practice,  however,  the  use  of  the  ball  of  10  mm. 
diameter  is  limited  to  specimens  not  much  less  than  one-tenth  of 

*  Awarded  a  Grant  of  £10  from  the  Sir  Robert  Hadfield  Prize  Fund. 

t  Investigations  on  the  Brinell  Method  of  Determining  Hardness.  H. 
Moore.  International  Association  for  Testing  Materials  5th  Congress 
(Copenhagen),  1909. 
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an  inch  in  thickness  and  half  an  inch  in  width,  and  these  dimensions 
are  not  sufficient  in  all  cases. 

In  1913  the  necessity  arose  for  the  accurate  determination  oi 

Fig.  1. — St7iaU  Ball-Hardness  Testing-Machine. 
Capacity  100  kg.     Shown  with  ball  of  1  mm.  diameter  and  load  of  10  kg. 


the  hardness  of  the  walls  of  small-arm  cartridge-cases  at  different 
positions  along  their  length.  The  thickness  of  wall  is  quite  insufficient 
for  the  application  of  the   usual  Brinell   test,  diminishing  in  some 
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cases  to  about  one-hundredth  of  an  inch  near  the  shoulder. 
Accordingly,  a  machine  was  designed  and  constructed  for  applying 
a  load  of  10  kg.  with  a  ball  of  1  mm.  diameter.  It.was  evident  that 
such  a  machine  would  have  many  uses  in  the  determination  of 
the  hardness  of  objects  too  thin  or  narrow  for  testing  in  the  usual 
way,  and  for  the  detailed  exploration  of  the  hardness  of  larger 
objects.  It  was  therefore  designed  to  permit  of  great  latitude  in 
the  dimensions  of  the  test-specimen,  of  the  use  of  various  sizes  of 
ball  and  of  loads  from  5  to  100  kg. 

For  the  small  loads  required,  the  use  of  a  dead-load  offered  the 
important  advantages  of  simplicity,  invariable  accuracy,  and 
the  complete  elimination  of  all  frictional  efiects,  while  the  operation 
of  the  machine  and  the  moving  of  the  weights  could  easily  be  efEected 
by  hand.  The  machine  is  extremely  simple  in  principle,  consisting 
of  a  suspended  weight  with  means  for  applying  the  load  to  the 
ball  and  removing  it,  the  test-specimen  being  suitably  supported. 
Fig.  2,  Plate  1,  shows  the  general  appearance  of  the  machine, 
while  the  dimensioned  drawing,  Fig.  1,  shows  the  constructional 
details.  The  machine  consists  essentially  of  a  stirrup  carrying 
the  load,  a  table  to  support  the  specimen,  and  suitable  mechanism 
for  lowering  the  stirrup,  so  that  the  ball  (carried  in  the  ball-holder 
attached  to  the  under  side  of  the  upper  cross-head  of  the  stirrup) 
comes  into  contact  with  the  specimen.  By  reversing  the  lowering 
movement,  the  stirrup  is  raised. 

In  the  drawing,  a  is  the  heavy  circular  base-plate.  The  level 
of  the  base  is  adjusted  by  three  levelling  screws,  each  of  which 
seats  in  a  circular  plate  resting  on  a  bench  or  other  convenient 
surface  ;  c.c.  are  two  columns  screwed  along  the  upper  part  of  their 
length,  and  carrying  by  means  of  adjustable  nuts  all  the  mechanism. 
Resting  on  the  adjusting  nuts  /  are  two  cross-bars  d  carrying  the 
table  c,  a  plate  4|  inches  square.  To  the  table  are  attached  various 
fittings  designed  to  facilitate  the  exact  centering  of  test-pieces, 
such  as  the  middle  portions  of  cartridge-cases  carried  on  mandrels. 
The  cross-head  t  rests  on  the  distance  nuts  w,  and  carries  a  hand- 
wheel  g  on  ball-bearings.  The  hand-wheel  is  threaded  to  take  the 
tifting  screw  h,  which  has  a  fine  pitch.     Rotation  of  the  hand-wheel 
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g  in  one  direction  or  the  other  raises  or  lowers  the  lifting  screw 
which  passes  without  contact  through  the  plain  hole  in  the  cross- 
head  t.  The  small  suspension  stirrup  formed  by  two  cross-plates 
and  two  vertical  rods  is  rigidly  attached  to  the  lower  end  of  the 
lifting  screw.  The  two  rods  slide  with  small  clearance  in  two  holes 
in  the  guide-block  v,  which  is  fixed,  being  carried  by  the  cross- 
plate  u.  The  bottom  suspension  plate  j  of  the  small  lifting  stirrup 
carries  three  steel  balls  equidistant  from  each  other  and  from  the 
axis  of  the  machine,  in  three  recesses.  Resting  on  the  three  steel 
balls  is  the  top  suspension-plate  Ic  of  the  load-carrying  stirrup  ; 
this  top  suspension-plate  has  three  recesses  similar  to  those  in 
the  bottom  suspension-plate  j.  Suspended  from  h  by  short  rods  is  I, 
the  cross-bar  of  the  load-carrying  stirrup.  The  ball-holder  m  is 
screwed  into  the  centre  of  the  lower  surface  of  this  cross-bar,  from 
which  are  suspended  two  vertical  rods  n  passing  between  and  quite 
free  from  the  bars  d,  and  carrying  the  bottom  plate  j),  oii  which  are 
placed  the  weights  r  and  s.  The  weights  are  cylindrical,  with  a 
central  hole  for  the  guiding-rod  g,  attached  to  the  bottom  plate  'p. 
The  total  weight  of  all  the  suspended  portion  (stirrup,  etc.),  plus 
the  weight  r,  is  5  k^.  ;  s  is  a  5-kg.  weight,  the  total  load  given  by 
the  machine  as  drawn  being  10  kg. 

The  method  of  suspending  the  stirrup  on  three  balls  was 
adopted,  since  it  prevents  either  rotation  or  swing  of  the  load- 
carrying  stirrup,  and  makes  both  the  release  at  the  moment  of  loading 
and  the  uptake  at  the  moment  of  unloading  perfectly  clean  and 
frictionless.  The  movement  of  the  test-ball  is  purely  vertical,  no 
rotational  or  side  movement  being  possible.  This  result  is  achieved 
without  any  guiding  of  the  suspended  load  during  loading  ;  such 
guiding  is  always  a  possible  source  of  friction. 

The  machine  is  constructed  throughout  of  steel,  A  test-ball 
of  any  desired  diameter  may  be  used.  The  strength  of  the  machine 
permits  a  maximum  load  of  100  kg.,  and  a  minimum  load  of  2  kg. 
may  be  used.  An  accuracy  of  load  of  0*02  per  cent  is  easily  attained, 
but  it  is  rarely  that  such  a  degree  of  accuracy  is  needed.  The  table 
and  cross-heads  have  a  wide  range  of  adjustment  of  position  in  the 
vertical   direction,   thus   permitting   the   testing   of   specimens   of 
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very  difierent  sizes.  The  macliine  is  portable  and  intended  to  stand 
on  a  bench  when  in  use. 

Special  fittings  to  support  specimens  of  various  forms  are  much 
used  on  this  machine.  Comparatively  thin  tubes  may  be  tested 
without  internal  support,  being  held  in  a  V-block,  but  a  thinner 
tube  may  be  carried  on  a  mandrel  supported  at  each  end.  An 
overhanging  part  may  be  tested  by  clamping  the  article  to  the 
table.  A  special  fitting  for  testing  sections  of  small-arm  cartridge 
cases  is  shown  in  Fig.  3,  Plate  1,  but  it  is  now  possible  to  dispense 
with  cutting  the  case  and  to  test  the  complete  round  without  removing 
bullet,  charge,  or  cap.     The  cartridge  may  be  fired  afterwards. 

Figs.  4  and  5,  Plates  1-2,  show  two  machines  of  similar  type 
constructed  a  little  later.  The  machine  shown  in  Fig.  4  has  a  smaller 
range  of  load  and  gives  less  latitude  in  dimensions  of  test-piece 
than  the  original  machine  ;  a  ball  of  0*8  mm.  in  diameter  with  a 
load  of  6 "J:  kg.  is  commonly  used  on  this  machine.  Fig.  5  shows  a 
machine  designed  for  testing  Q.F.  cartridge-cases  of  any  size  up 
to  the  largest  used  in  the  British  services,  but  is  also  suitable  for 
testing  other  objects  (especially  large  thin-walled  articles)  of  a  great 
variety  of  shape  and  dimension.  This  machine  commonly  employs 
balls  of  2  and  5  mm.  diameter,  and  has  a  range  of  loading  of  20  to 
250  kg.  The  back-plate  on  which  this  machine  is  mounted  is  bolted 
to  a  wall,  in  order  to  provide  for  the  necessary  height  and  length  of 
large  articles  without  having  a  special  stand. 

The  accurate  measurement  of  the  small  impressions  obtained' 
when  small  balls  are  employed  is  essential  in  the  use  of  the  machines 
described.  A  certain  degree  of  smoothness  or  polish  on  the  specimen 
is  necessary,  and  a  reasonably  good  polish  much  facilitates  the 
measurement.  Vertical  illumination  is  necessary  for  the  smaller 
impressions.  Several  forms  of  measuring  microscope  have  been 
employed  by  the  Author,  such  as  those  made  by  Messrs.  R.  and  J. 
Beck  and  the  Cambridge  Scientific  Instrument  Co.,  reading  to 
0*001  mm.  Fig.  6,  Plate  2,  shows  a  convenient  and  accurate 
microscope  specially  designed  for  the  purpose.  A  large  solid 
square  stage  carries  a  pillar  on  which  a  microscope  tube  is  mounted 
and  pro\'ided  with  the  usual  vertical    rack  and  pinion  focussing 


56  BALL-HAEDXESS    TESTING-MACHINE.  Jax.  1921. 

movement ;  a  fine  adjustment  motion  is  not  necessary.  A  prism 
type  vertical  illuminator,  to  which  is  fixed,  about  1  inch  from  the 
prism,  a  small  electric  bulb  supplied  with  current  by  a  small 
accumulator  or  dry  cell,  provides  a  suitable  and  ample  illumination. 
The  objective  has  a  nominal  focal  length  of  1  inch.  The  eye-piece 
is  a  filar  micrometer  eye-piece,  Ramsden  system,  of  the  standard 
type  ;  that  fitted  to  the  instrument  illustrated  is  a  Bausch  and  Lomb 
ocular.  The  tube  length  has  been  adjusted,  for  the  objective  chosen, 
to  give  a  magnification  of  exactly  10  diameters  in  the  plane  of  the 
eye-piece  scale.  As  the  eye-piece  magnifies  by  12 '5,  the  total 
magnification  is  125.  The  accuracy  of  measurement  possible 
with  filar  micrometer  eye-pieces  of  good  construction  is  remarkably 
good;  agreement  to  0*0001  mm.  is  not  uncommon,  though  an 
accuracy  of  0*  001  mm.  is  sufficiently  good.  Instead  of  a  micrometer 
eye-piece  of  the  filar  type,  one  with  a  fine  graticule  may  be  used. 

A  feature  of  the  larger  machine,  illustrated  in  Fig.  5,  is  the 
microscope  attached  to  the  frame  of  the  machine.  The  table 
supporting  the  test-specimen  slides  on  rails.  After  the  impression 
is  made  and  the  load  removed,  the  table  with  specimen  is  moved 
along  the  rails  till  the  impression  is  under  the  microscope  and  the 
reading  is  taken.  This  saves  much  handling  of  bulky  articles, 
such  as  large  Q.F.  cartridge-cases.  The  cartridge-case  may  be  tested 
either  on  the  base  or  on  the  wall,  suitable  fittings  being  pro\dded 
for  supporting  the  case  rigidly  in  either  position. 

Instances,  in  which  the  accurate  measurement  of  hardness  by 
the  use  of  a  small  ball  would  be  helpful,  will  occur  to  all  who  are 
interested  in  the  hardness  of  metallic  parts.  In  the  Research 
Department,  Woolwich,  the  machines  have  been  used  on  specimens 
of  a  great  variety  of  material,  form,  and  dimension.  By  the  use 
of  the  original  machine  described,  it  became  possible  to  lay  down 
limits  of  hardness  (varying  in  different  positions  along  the  wall) 
within  which  small-arm  cartridge-cases  give  the  highest  ser\dceability 
and  the  greatest  freedom  from  failures  and  defects,  so  far  as  these 
result  from  unsuitable  hardness.  The  impressions  are  so  small  as 
to  be  scarcely  perceptible  to  the  eye,  and  tests  may  be  made  on 
parts  of  delicate  mechanisms  without   injury  to  the  part  tested. 
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The  tMckness  of  the  specimen  need  not  exceed  one -hundredth 
of  an  inch.  Thin  .vire  and  phosphor-bronze  hair-sprmgs  have  been 
tested  Cutlery  blades,  however  thin,  may  be  tested  ;  the  Authoi 
has  been  interested  to  note  Dr.  W.  H.  Hatfield's  recent  apphcation  - 
of  balls  of  2-4  mm.  diameter  in  the  testing  of  cutlery,  especially 

stainless  blades. 

It  is  possible  to  determine  the  hardness  of  an  object  near  the 
working  edge  or  surface  ;   the  hardness  of  a  cutting  tool  may  be 
measured  at  a  point  close  to  the  cutting  edge  and  at  many  pom  s 
on  the  same  tool  as  a  test  of  uniformity.     The  use  of  small  bal  s 
(1  mm.  in  diameter)  has  proved  useful  in  the  examination  of  parts 
l-hich  have  been  locally  hardened,  or  which  vary  in  hardness  from 
point  to  point  from  any  other  cause.     The  greater  hardness  m  the 
centre  of  a  segregated  steel  rod  is  readily  measured  and  dehmited. 
One  of  the  most  interesting  applications  of  this  microscopic 
Brinell  test  is  in  the  exploration  of  strain-hardening.     The  degree 
of  hardening  by  plastic  deformation  of  metals  generaUy  increases 
^ith  increasing  amounts  of  permanent  strain.     If  a  metal  object, 
oricrinally  of  uniform  hardness,  is  unequally  strained,  the  distribution 
of ''strain   will   usuaUy    be    indicated   by   difierences  in  hardness 
from  point  to  point.     Fig.  7,  Plate  2,  illustrates  a  broken  tensile 
test-piece,  sectioned  through  its  axis,  polished  on  this  surface  and 
submitted   to    the    1-mm.    ball-hardness   test   at   small    intervals 
over  the  surface.     The  variation  in  hardness  is  very  considerable. 
In  this  instance  the  strain  was  produced  intentionally,  but  cases 
have   been    examined    in   which   the   progress    of   overstrainmg, 
resulting  in   the   failure    of    a  structural    part,   has  left   a    clear 
record    in    the    variation    of    hardness    throughout    the    region 
afiected      This  method    of    strain-exploration    by    hardness    tests 
with  a  small  baU  has  been  extensively  developed  in  the  Research 
Department,  Woolwich,    by  Mr.    R.    H.    Greaves,  who  will,  the 
Author  hopes,   pubHsh    some   of  the    interesting   results    he   has 
obtained. 


.  '<  Cutlery  ;  Stainless  and  Otherwise."     W.  H.  Hatfield.  Sheffield  Cutlery 
Trades'  Technical  Society,  1919. 
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In  connexion  with  strain-hardening,  tlie  utility  of  the  small- 
ball  test  for  studying  the  hardening  caused  by  cold-working 
operations,  and  the  softening  brought  about  by  the  intermediate 
annealings  which  are  customarily  appUed,  may  be  mentioned.  In 
wire-drawing,  tube-drawing,  the  drawing  of  hollow  brass  articles, 
the  spinning  of  articles  from  sheet,  and  the  cold-rolling  of  strip 
of  steel,  copper  alloys,  etc.,  the  articles  both  in  intermediate  and 
final  form  are  frequently  too  thin  for  the  usual  test.  By  a  study 
of  the  hardness,  the  correct  amount  of  reduction  at  each  draw  or 
other  cold-working  operation  and  the  best  temperature  and  time 
of  annealing  may  be  established  in  many  cases.  The  variation?  in 
hardness  produced  in  articles  of  complex  form  (for  example,  small- 
arm  cartridge  cases)  by  variations  in  amount  of  cold  work  from  point 
to  point  are  readily  determined.  The  difference  in  hardness  along 
a  diameter  of  a  section  of  cold-drawn  steel-rod  may  be  measured. 
For  studying  the  annealing  of  brass,  actual  hardness  tests  have  been 
found  to  give  much  information  additional  to  that  yielded  by  the 
usual  microscopic  examination.  The  determination  of  the  treatment 
which  would  remove  injurious  internal  stress  from  70 :  30  brass 
without  adverse  effect  on  mechanical  properties  was  facilitated  by 
the  use  of  the  small  ball  machine.* 

"  There  has  been  some  difficulty  in  obtaining  balls  of  1  mm. 
diameter,  but  the  Author  has  reason  to  expect  that  this  will  not 
continue.  Balls  of  ^^  inch  diameter  are  readily  obtainable  and 
are  conveniently  regarded  as  of  1*2  mm.  diameter  (for  use  with 
millimetre  tables  showing  the  hardness  number  for  a  given  load 
and  given  ball)  without  introducing  any  appreciable  error. 

The  relation  of  the  hardness  numbers  obtained  with  small  balls 
to  those  given  by  the  usual  methods  is  an  important  point.  The 
laws  governing  the  effects  of  variations  in  load,  ball  diameter, 
and  angle  of  impression,  were  thoroughly  established  by  E.  Meyer  | 


*  The  Bemoval  of  Internal  Stress  in  70 :  30  Brass  by  Low  Temperature 

Annealing.     H.  Moore  and  S.  Beckinsale.     Journal  Inst.  Metals,  vol.  xxiii, 
No.  1,  1920,  page  225. 

t  Hardness  Testing  and  Hardness.     E.  Meyer.     Zeits.  des  Ver.  deutschc 
Ing.,  vol.  lii,  1908,  page  645. 
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and  have  been  confirmed  by  later  worker.  Eeferenoes  to  tbe  cW 
.ork  on  tbis  subject  will  be  found  in  a  recent  Paper  by  T.  Baker 
1  T  F  T^nssell  *  ^vhicb  contains  further  valuable  results.  In  the 
::l"-"ntt  Pap.  t.e  Aut.o.  0.  ..e  ^^^^^^^ 
out  that  Meyers  t.vo  equations  may  be  expressed  in  the  form  . 


k  d" 


in  which         L  =  load, 

d  =  diameter  of  impression, 

D  =  diameter  of  ball, 
.hile  k  and  n  ate  two  independent  eonstants  expressing  properties 
of  the  material,  and  are  unafiected  by  variations  m  L,  d  or  D^ 

Contained  m  this  equation  is  the  law  of  ^^'^f"^^^^ 
.hioh  holds  for  the  ball-hardness  test  on  material  oi--^iorMne^ 
and  requires  that,  with  balls  of  diiferent  diameter,  geometrically 
Iilinrpressions  are  prodneed  by  constant  mean  loads  per  umt 

"^For  practical  purposes,  it  is  only  necessary  *»  -ploy  load^ 
proportional  to  the  square  of  the  ball  diameter  to  ob.a^        same 
Brinell  hardness  numbers  with  difierent  sized  balls.  In  the  following 
T^btthe  loads  commonly  employed  with  balls  of  "i^s  sze 
used  are  shown.    The  loads  in  any  one  column  w^U  give  the  same 
Brind  number  when  used  with  their  respective  balls  («  page  60  . 
"^    :  i^well  known,  difierent  loads  with  balls  of  the  same  di.ne 
.il,  give,  in  tests  on  the  same  uniform  material.  Bnuell  h  rdn 
numbers  which  difier  to  a  greater  or  smaller  degr  e.    Fo-^  ^ J'^ '- 

consideration  of  this  ^^^^^  -':^l^ ^J^tZ^. 
Papers  by  Meyer  {!oc.  at.)  and  other  Authors  already 
Should  the  Ludwik  cone  test,  with  its  -P-^"'*  *f  ~ 
advantage  of  a  hardness  number  independent  of  the  load  replace 
1  Brinell  ball  test,  the  machine  described  is  equally  smtab  e  for 
,h  t  t^t.  In  the  Authors  opinion,  the  ball  is  likely  »»  be  reamed 
because  of  its  practical  convenience  an^it^permanence^Horm^ 

Steel  Inst.,  vol.  ci.  No.  1,  1920,  page  311. 
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It  should  be  borne  in  mind  that,  since  the  volume  of  material 
actually  affected  by  the  test  is  proportional  to  the  cube  of  the 
diameter  of  the  ball,  a  very  much  smaller  volume  is  tested  by  a  ball 
of  say  1  mm.  diameter  than  by  a  ball  of  10  mm.  diameter.  In 
consequence  of  this,  local  difierences  (due  for  instance  to  variations 
in  hardness  of  different  constituents  in  a  coarse  microstructure) 
which  have  little  or  no  effect  when  testing  with  a  10  mm.  ball,  may 
attain  prominence  when  a  small  ball  is  used.  Frequently  the 
knowledge  of  such  variations  is  useful.  Severe  machining  operations 
are  capable  of  hardening  metallic  surfaces.     In  preparing  surfaces 


Diam. 
of  baU. 

• 

Load. 

mm. 

kg. 

kg. 

kg. 

0-8 

fi-4 

19-2 

32 

1 

10 

30 

50 

1-2 

14-4 

43-2 

72 

!    2 

40 

120 

200 

5 

250 

750 

1,250 

'     10 

1,000 

3,000 

5,000 

Suitable    for    fairly 

soft  materials, 
(e.g.,  copper,  brass.) 

Suitable  for  moder- 
ately bard  materials, 
(e.g.,  steel  not  fully 
hardened.) 

Suitable     for     the 

hardest  materials 

tested. 

(e.g.,  hardened  steel.) 

of  soft  materials  for  testing  with  a  small  ball,  more  care  is  necessary 
to  avoid  surface  hardening  than  when  a  large  ball  is  to  be  used, 
because  of  the  greater  efiect  of  a  harder  skin  on  a  small  impression 
than  on  a  deep  one.  The  degree  of  accuracy  attained  in  testing 
with  a  small  ball  is  quite  comparable  with  that  obtained  in  the 
Brinell  test  as  usually  applied.  An  accuracy  of  about  1  per  cent 
is  readily  attained. 

The  original  machine  described,  which  has  been  in  constant  use 
in  the  Research  Department,  Woolwich,  since  1913,  was  designed 
^ith  a  view  to  the  construction  of  one  machine  only,  and  it  will 


Jan.  1921.  BALL-HARDNESS   TESTING-MACHISE.  61 

be  obvious  to  engineers  that,  for  production  in  number,  some- 
simplification  and  modification  of  details  might  be  made  v;ith 
advantage,  as  in  the  use  of  castings  instead  of  parts  machined  from 
bar  and  plate.  A  machine  modified  in  this  way  is  being  made  by 
Messrs.  Alfred  Herbert,  Ltd.,  and  the  Author  would  hke  to 
acknowledge  the  interest  taken  in  the  machine  by  Mr.  P.  V.  \  ernon, 

O.B.E.,  of  that  firm,  and  the  suggestions  he  has  made. 

In  conclusion,  the  Author  wishes   to  express  his  regret  that 

Mr.  K.  Mather  has  not  been  associated  with  him  in  the  authorship. 

of   this  Paper,  as  he  was  in  the  design  and   apphcation   of   the 

machine. 

The  Paper  is  illustrated  by  Plates  1  and  2,  and  1  Fig.  in  the 

letterpress. 
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®|je  Institution  of  Uledjanicat  ^nqinccrs. 


PROCEEDINGS. 


January  1921. 


An  Ordinary  General  Meeting  was  held  at  The  Institution, 
London,  on  Friday,  21st  January  1921,  at  Six  o'clock  p.m.  ;  Captain 
H.  RiALL  Sankey,  C.B.,  C.B.E.,  R.E.  (ret.),  President,  in  the  Chair. 

The  President,  having  asked  the  Members  to  stand,  referred 
to  the  recent  decease  of  Mr.  Walter  Pitt,  who  had  been  a  Member 
of  Council  from  1907-1917,  when  he  had  resigned  owing  to  ill-health. 
He  had  been  a  Member  of  the  Institution  since  1883.  Mr.  Pitt  had 
taken  a  great  interest  in  the  Wire-Ropes  Research  Committee, 
over  which  he  had  been  Chairman  from  its  inception  in  January 
1914  until  his  retirement  at  the  end  of  1917.  The  Council  that  day 
had  approved  of  a  letter  of  condolence  being  sent  to  Mrs.  Pitt. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 

The  President  announced  that,  in  accordance  with  Article  23, 
the  President,  two  Vice-Presidents,  and  seven  Members  of  Council 
would  retire  at  the  ensuing  Annual  General  Meeting  ;  and  the 
complete  list  of  those  retiring  was  as  follows  : — 

President. 

Captain  H.  Riall  Sankey,  C.B.,  C.B.E., 

R.E.  (ret.), London. 
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Vice-Presidents. 
Sir    Robert   A.    Hadfield,    Bart.,    D.Sc, 

D.Met.,  F.R.S., Sheffield. 

The  Right  Hon.  Lord  Weir,  P.C,  D.Sc,       .     Glasgow. 

Members   of  Council. 

*Lt.-Col.  A.  E.  Davidson,  D.S.O.,  R.E.,         .  London. 

H.  S.  Hele-Shaw,  LL.D.,  D.Sc,  F.R.S.,       .  London. 

Sir  Gerard  A.  Muntz,  Bart.,       .  .  .  Birmingham. 

Eng.    Vice-Admiral    Sir    Henry    J.    Oram, 

K.C.B.,  F.R.S.,     .....  London, 

*LouGHNAN  St.  L.  Pendred,         .         .         .  London. 

William  Reavell,     .  .  .  Ipswich. 

*David  E.  Roberts, Cardiff.' 

The  following  were  then  nominated  by  the  Council  for  election' 

with  their  consent : — 

For   President. 

Captain  H.   Riall  Sankey,   C.B.,   C.B.E 
R.E.  (ret.), 


For  Vice-Presidents. 

Sir   Robert   A.    Hadfield,    Bart.,    D.Sc, 

D.Met.,  F.R.S., 

H.  S.  Hele-Shaw,  LL.D.,  D.Sc,  F.R.S., 


London. 


Sheffield. 
London. 


For   Members   of   Council. 

Lt.-Col.  A.  E.  Davidson,  D.S.O.,  R.E.,         .  London. 

Sir  Gerard  A.  Muntz,  Bart.,       .  .  .  Birmingham. 

LouGHNAN  St.  L.  Pendred,         .  .  .  London. 

William  Reavell,     .....  Ipswich. 

David  E.  Roberts, Cardiff. 

The  following  nominations  were  also  made  by  the  Council  for 
election  at  the  Annual  General  Meeting,  with  their  consent : — 

Election  as  For    MeMBERS    OF    COUNCIL. 

member. 

1907.  H.  I.  Brackenbury,  C.B.E.,  .  .  Newcastle-on-Tvne, 

1903.  Alan  E.  L.  Chorlton,  C.B.E.,  .  London. 

1900.  Frederic  W.  C.  Dean,  M.B.E.,  .  Woolwich. 

1889.  LuciEN  A.  Legros,  O.B.E.,     .  .  London. 


Appointed  during  the  year. 
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Election  as 
pieniber. 

1890. 
1897. 
1900. 
1895. 
1919. 


COUXCIL    XOMINATIOX    LIST. 

Frederick  H.  Livens,  .         .         .  Lincoln. 

AViLLiAM  Mills,     ....  Birmingham. 

Erxest  W.  Fetter,        .  .  .  London. 

Clarence  0.  Ridley,  O.B.E.,  .  London. 

Thomas  E.  Staxtox,  C.B.E.,  D.Sc, 

F.R.S., Teddington. 
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The  President  reminded  the  Meeting  that,  according  to  By- 
law 26,  any  Member,  or  Associate  Member,  was  then  entitled  to  add 
to  the  list  of  candidates. 

No  other  names  being  added,  the  President  announced  that  the 
foregoing  names  would  accordingly  constitute  the  nomination  list 
for  the  Election  of  Officers  at  the  Annual  General  Meeting. 


The  President  announced  that  the  following  46  Candidates 
had  been  dulv  elected  : — 


MEMBEES. 


Clark,  Bernard  Francis,  . 
Griffiths,  Francis  Henry, 
McIxNEs,  Oswald  Henry, 
McMuRRAY,  Ralph,  . 
Marshall,  Robert,  . 
Maryon,  James  Frederic,. 
Ogilvie,  Alexander,  C.B.E., 
SwAX,  Percival, 
YiCKERY,  Frederick  William,  0 


B.E., 


Manchester. 

Birmingham. 
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The  President  announced  that  the  following  three  Transferences 
had  been  made  : — 

Associate   Memhers    to    Members. 

Allcock,  Harry, ^Manchester. 

Mackie,  Tom  Darke,  Col.,  C.M.G.,  O.B.E.,         .         .     London. 
Reid,  Robert  Whyte,  C.B.E., Derby. 


Mr.  F.  T.  Parker  presented  the  following  Paper  : — 

"  The  Mechanical  Loading  of  Ships,"  by  H.  J.  Smith,  of 
Shanghai,  Member. 


The  Meeting  terminated  at  a  Quarter  to  Eight  o'clock.     The 
attendance  was  138  Members  and  56  Visitors. 


The  Paper  by  Mr.  Smith  was  also  presented  by  Mr.  Parker  at : — 

Manchester,  in  the  Engineers'  Club,  on  Thursday,  27th 
January  ;   Mr.  William  Fox,  Member,  in  the  Chair. 
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THE  MECHANICAL  LOADING  OF  SHIPS. 


By  H.  J.  SMITH,  of  Shanghai,  Member. 


Introdudorij  RemarJcs. — The  number  of  new  plants  installed  for 
the  mechanical  loading  and  unloading  of  material  in  bulk,  namely, 
aerial  ropeways,  belt-  and  bucket-conveyors,  wagon  dumpers,  and 
grab  transporters,  have  increased  rapidly  during  the  past  decade. 
Designed  at  first  to  release  manual  labour  for  operations  requiring 
more  skill,  the  methods  employed  have  so  improved  in  utility  that 
there  are  now  few  instances  where  the  machinery  mentioned  cannot 
do  this  class  of  work  with  greater  expedition  and  economy  than  the 
cheapest  of  coolie  labour. 

Some  of  the  new  plants,  especially  those  designed  for  the 
loading  and  unloading  of  ships,  have  so  grown  in  size  and  capacity 
that  they  are  now  included  amongst  the  larger  engineering 
problems  of  the  day  (see  Figs.  1-3,  Plate  3). 

Great  Britain  must  always  remain  interested  in  the  cheap  and 
rapid  transport  of  coal,  coke,  limestone,  iron,  manganese,  and  other 
ores,  because,  without  the  means  to  do  this  work  at  a  low  cost,  she 
cannot  regain  and  maintain  the  supremacy  in  the  production  of 
iron  and  steel  that  was  once  enjoyed. 

[The  I.Mech.E.]  f  2 
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Primary  Transporters. — It  may  be  interesting  to  recall  that  the 
principal  cause  contributing  to  that  supremacy  was  the  fact  of 
this  country  being  first  in  the  field  with  the  cheapest  and  most 
rapid  means  of  transporting  minerals  in  bulk,  for  it  should  not  be 
forgotten  that  both  the  railroad  locomotive  and  the  steamship  owe 
their  inception  principally  to  the  necessity  of  devising  a  more 
efficient  means  of  moving  the  growing  output  of  the  English  coal 
mines. 

These  primary  transporters  gave  Britain  a  good  start,  but  other 
nations  came  quickly  into  line  and  then  extended  the  use  of 
machinery  until  this  country  was  passed,  before  the  war,  in  the 
production  of  iron  and  steel  by  the  United  States  and  Germany. 

The  Author  thinks  it  will  not  be  denied  that  one  of  the 
principal  reasons  for  the  success  of  the  nations  named,  was  the 
attention  they  paid  to  the  handling  of  materials  in  bulk  by 
machinery  designed  to  accelerate  the  feeding  of  their  steamships 
and  railways. 

Compel  it (071. — The  continual  rise  in  the  cost  of  labour  will  make 
mechanical  connecting  links  between  the  prime  transporters  and 
the  factories  a  matter  of  vital  importance  in  the  future,  if  we  are 
to  feed  our  furnaces  from  abroad  and  still  hold  our  position  in  the 
markets  of  the  world  against  the  competition  that  will  have  to  be 
faced.  Competition  will  be  fierce,  especially  so  from  the  Far  East, 
where  Japan  and  China  will  be  competitors  in  the  future,  instead 
of  customers  as  in  the  past. 

In  China,  to-day,  vast  deposits  of  iron,  manganese,  limestone, 
and  coal,  are  being  worked  and  manufactured  into  iron  and  steel 
of  all  sections  by  Japanese  enterprise,  and  by  the  most  modern 
machinery  that  can  be  purchased  in  Europe  and  America.  The 
new  blast-furnace  plant  now  being  erected  on  the  banks  of  the 
Yangtzse  Kiang,  at  Tayeh,  is  designed  in  multiples  of  450-ton 
units  for  an  output  capacity  of  3,600  tons  of  pig-iron  per  day. 
The  loading  and  unloading  appliances,  although  built  in  Britain, 
would  be  difficult  to  match  by  any  similar  undertaking  in  this 
country.      Other   instances    could   be   given    of   works   in    China 
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financed  and  controlled  by  the  Japanese,  but  one  in  Manchuria 
will  suffice,  namely,  the  Anshanchan  Iron  ^S^orks,  which  are  now 
being  extended  for  an  output  of  1,000,000  tons  of  pig-iron  per 
annum. 

Machinery  v.  The  Coolie. — One  point  that  cannot  be  ignored  is 
the  fact  that  these  Chinese  and  Japanese  ironmasters  are  installing 
belt-conveyors  and  bridge  transporters  to  replace  a  class  of  manual 
labour  that  has  always  been  considered  the  cheapest  in  the  world. 
In  short,  these  competitors  are  beginning  to  look  upon  the  cost  of 
transport  as  a  loss  which  must  be  eliminated,  as  far  as  possible. 
Speaking  generally,  ore  must  be  moved  to  the  coalfields,  or  coal  be 
taken  to  the  ore,  and  the  methods  employed  are  worth  all  the 
attention  that  engineers  can  give  them. 

Skilled  labour  expended  on  materials  during  manufacture 
increases  their  value,  but  money  spent  on  moving  minerals  from 
the  mine  to  the  furnace  increases  their  cost  but  does  not  increase 
their  value.  Competition  will  see  to  that.  This  cost  of  transport 
will  become,  eventually,  the  deciding  factor  in  future  manufacturing 
success.  In  fact,  the  lowering  of  the  cost  of  production  by  suitable 
mechanical  means  is  the  elemental  problem  underlying  the  whole 
subject  of  successful  competition  in  the  markets  of  the  world  ;  and 
the  solution  of  that  problem  is  essentially  a  task  for  the  engineer. 

Some  Successful  3Iethods.— In  the  present  Paper  the  Author 
proposes  to  deal  with  four  plants  which  have  proved  that  coal  and 
ore  can  be  transported,  loaded  into  steamers  and  unloaded,  at  less 
cost  than  was  possible  previously  by  using  native  manual  labour. 
The  plants  described  are  not  claimed  to  be  the  last  thing  in 
handling  materials  in  bulk  mechanically,  or  to  be  more  successful 
than  several  others  which  could  be  cited  ;  they  are  chosen  from  a 
number  of  which  the  Author  has  had  experience  because  they 
have  been  installed  recently,  and  illustrate  the  four  most  popular 
methods  at  present  in  use.  By  adopting  these  means,  mines  which 
had  been  considered  hopeless  propositions  on  account  of  their 
distance  from  some  existing  means  of  transport,  are  now  being 
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worked  at  a  profit,  because  docks,  in  some  cases,  can  be  dispensed 
with,  and  the  steamers  loaded  whilst  lying  at  anchor  in  the  open 
sea  at  some  point  along  the  coast  where  there  is  sufficient  depth  of 
water. 

Rocky  shores  and  precipitous  cliifs,  previously  avoided  by 
shipping,  are  now  sometimes  sought  for  because  they  mean  deep 
water  close  inshore,  and  the  height  of  the  land  above  the  water 
level  can  be  utilized  by  building  the  loading  plant  down  an  inclined 
plane,  thus  enabling  the  machinery  to  be  driven  by  the  gravity  of 
the  load  and  so  save  the  cost  of  motive  power,*  Fig.  4,  Plate  4. 

Formula. — The  formula  given  in  the  Appendix  (page  102)  is  quite 
empirical,  and  has  been  obtained  by  the  Author  from  experiments 
on  many  plants  during  the  past  fourteen  years  in  different  parts 
of  the  world.  The  figures  have  been  checked  by  actual  practice 
under  working  conditions,  especially  the  portion  dealing  with  belt- 
conveyors,  so  that  the  results  are  given  with  some  confidence  of 
their  being  followed  with  safety  by  those  interested  in  this  class  of 
machinery.  The  lack  of  similar  details  in  many  engineering  hand- 
books has  caused  the  Author  to  pay  more  attention  to  this  part  of 
his  subject  than  would  otherwise  have  been  necessary. 

Aerial  Ropeways. 

The  exploitation  of  a  mineralized  deposit  calls,  in  the  first  instance, 
for  some  successful  method  of  connecting  the  mine  with  any 
existing  means  of  transport — usually  the  sea,  a  river,  or  a  railway. 
Failing  this,  the  mineral  must  i^emain  unwrought,  as  is  the  case 
to-day  with  that  stupendous  body  of  iron  and  manganese  ore 
overlooking  ]\Iorro  Velho,  in  the  State  of  Minas  Geraes,  Brazil ; 
although  even  this  inland  deposit — perhaps  the  finest  remaining 
unworked  in  the  world  to-day — is  beginning  to  receive  the  attention 
of  British  and  American  ironmasters. 

Sehahna  Mines. — A  more  favourable  instance  is  the  Sebabna  mine. 


*  See  Engineering,  28  Dec.  1917,  pages  682-4. 
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situated  just  on  the  Algerian  bide  of  the  Moroccan  frontier,  about 
seven  kUometres  from  the  Mediterranean.  This  iron  and 
manganese  proposition  was  discovered  under  an  overburden  of 
limestone  by  an  Englishman.  The  mineral  outcropped  about  700 
feet  above  sea  level,  but  so  rugged  is  the  intervening  country  that 
the  sea  cannot  be  seen  from  the  mine.  Building  a  railway  to  the 
coast  over  such  a  contour  was  out  of  the  question,  and  transport  to 
the  nearest  port  (Oran)  would  have  cost  much  more  than  the 
mineral  was  worth.  The  only  alternative  was  to  carry  the  ore  over 
the  hills  by  an  aerial  ropeway  and  ship  it  by  mechanical  means  into 
steamers  lying  at  anchor  in  a  small  indent  in  the  coast  line— partly 
sheltered  by  Kap  Kelah— where  there  is  a  good  anchorage,  and  a 
minimum  depth  of  24  feet  of  water  within  250  feet  of  the  shore, 

Fig.  6,  Plate  4. 

The  safety  of  the  vessels  demanded  a  loading  appliance  of  so 
large  a  capacity  that  it  would  be  possible  for  the  boats  to  anchor 
under  the  plant  at  daylight  and  clear  before  dark  with  a  full  cargo. 
In  spite  of  a  mistake  being  made  in  deciding  on  a  chain  of  buckets 
—instead  of  a  rubber  and  canvas  belt— for  the  conveying  portion 
of  the  loader,  the  plant  went  to  work  and  handled  the  ore  from  the 
mine  adit  to  the  ship's  hold  for  a  working  cost  of  less  than  sixpence 
per  ton.  To  this  must  be  added  interest  and  depreciation  charges 
on  the  capital  expended  on  the  installation.  This  cost  varies,  of 
course,  with  the  output  of  the  mine,  but  may  be  considered  in  the 
present  instance  at  fivepence  per  ton. 

The  situation  of  the  terminal  stations  for  the  aerial  ropeway 
was  decided  by  the  positions  chosen  for  the  loading  plant  on  the 
coast,  and  at  Sebabna  by  regard  to  the  future  development  of 
the  mine.  The  lode  was  first  uncovered  and  attacked  from  the  side 
of  the  hill  by  open  cast,  and  then  proved  to  a  further  depth  of  200 
feet  by  sinking  and  driving.  The  result  being  satisfactory,  an  adit 
was  driven  at  the  lower  level  from  near  a  site  suitable  for  the 
ropeway  station  and  connected  to  the  open  cast  level  by  a  vertical 
winze  which  allowed  the  mineral  to  be  lowered  to  adit  level  by 
gravity,  the  full  wagon  coming  down  serving  to  pull  the  empties  up 
without  the  need  of  motive  power. 
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Sehahna  Bopcway. — The  side-tip  wagons  on  leaving  the  adifc 
travel  a  short  distance  along  a  level  track  to  the  ore  pocket,  or 
storage  bunker,  which  is  simply  an  excavation  in  the  rocky  ground 
surrounded  and  divided  by  massive  stone  walls,  built  of  rock  spoil, 
to  increase  the  holding  capacity  to  four  thousand  tons.  These  walls 
also  carry  cross  girders  which  support  several  tracks  and  turntable© 
to  enable  the  ore  to  be  dumped  into  every  part  of  the  excavation. 

Still  taking  advantage  of  the  slope  of  the  hill  a  tunnel  under  the 
excavation  was  driven  in  a  loop  (like  a  horse-shoe  in  plan),  so  that 
the  empty  ropeway  buckets  could  travel  round  the  circuit  and  be 
loaded  by  one  of  a  series  of  valve-controlled  chutes  which  connected 
the  tunnel  to  the  storage.  The  spoil  from  the  tunnel  was  tipped 
near  the  outlet  to  improve  the  site  for  the  ropeway  terminus  and 
engine  house.  A  15  N.H.P.  single  cylinder  horizontal  steam-engine 
and  boiler  were  erected  in  the  latter  and  connected  to  the  haulage- 
drum  through  a  friction  clutch  for  starting  up  the  ropeway ;  but  as 
the  station  at  Sebabna  is  462  feet  higher  than  the  discharging 
station  which  feeds  the  storage  bunkers  for  the  shipping  plant  at 
Kelah,  nearly  seven  kilometres  away,  the  engine-clutch  is  thrown 
out  of  gear  as  soon  as  there  are  sujBFicient  loaded  buckets  on  the  line 
to  work  the  ropeway  by  gravity.  The  driver  then  shuts  down  the 
engine  and  controls  a  powerful  brake  for  regulating  the  speed  of 
the  buckets.  Any  tendency  to  jerk  the  ropes  by  an  imprudent  use 
of  the  brake  is  prevented  by  a  special  fly-wheel  fitted  with  adjustable 
vanes  which  act  as  an  air  brake,  or  blower.  This  fly-wheel  requires 
so  much  power  to  revolve  it  beyond  a  certain  velocity  that  any 
dangerous  runaway  of  the  Une  of  buckets  is  extremely  unlikely. 

The  buckets  are  of  gravity  tipping  type,  designed  to  carry  half  a 
ton  of  ore,  and  are  suspended  from  a  two-wheeled  carriage  riinning 
on  ball-bearings.  Fig.  5,  Plate  4.  They  are  fitted  with  a  clamping 
arrangement  which  enables  the  whole  weight  of  the  bucket  and  load 
to  be  utilized  for  gripping  the  haulage  rope.  The  loaded  buckets, 
after  leaving  the  tunnel,  run  down  an  inclined  mono-rail  to  gain 
sufficient  momentum  to  pass  through  the  automatic  locking  device 
which  clasps  them  on  to  the  haulage  rope  whilst  they  are  travelling 
at  approximately  the  same  speed,  namely,  two  metres  per  second. 
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The  buckets  are  loaded  and  released  from  the  tunnel  at  intervals  o£ 
45  seconds  making  a  total  of  40  tons  of  ore  transported  per  hour. 

The  Ij  inches  circumference  haulage  rope  is  of  the  usual  six 
strand  construction  with  hemp  core,  the  total  length  of  nearly 
fourteen  kilometres  being  joined  up  to  length  on  the  site  by 
running  splices  about  30  feet  long.  The  two  bearer  ropes  are  of 
lock  coil  pattern,  the  rope  carrying  the  loaded  buckets  being  If 
inches  diameter  and  the  return  rope  if  of  an  inch  diameter.  They 
were  joined  on  the  site  by  the  taper  socket,  screwed  coupling  and 
sleeve  arrangement  in  general  use  for  this  class  of  work.  Both 
bearer  ropes  are  supported  on  steel  trestles  by  passing  over  cast-iron 
shoes  mounted  on  rocker  arms  which  allow  the  bearings  to  adjust 
themselves  to  the  varying  sag  of  the  ropes.  These  shoes  are  fixed 
6  feet  6  inches  apart,  the  loaded  rope  being  2  feet  11  inches  and 
the  return  rope  3  feet  7  inches  from  the  centre  of  the  trestle,  the 
diflerence  in  leverage  being  balanced  by  the  difference  in  load. 

The  trestles  are  built  of  steel  angles  bolted  up  in  the  form  of 
taper  towers  to  the  height  demanded  by  the  various  sites,  the 
shortest  being  14  feet  and  the  tallest  75  feet  high.  The  standard 
worked  to,  fixed  the  distance  between  the  centres  of  the  holding 
down  bolts  at  one  fifth  the  total  height  of  the  trestle. 

Terminal  and  Tension  Stations. — The  two  terminal  stations  and 
the  three  intermediate  tension  stations  are  fixed  as  near  equidistant 
as  possible  when  using  intervening  hill  tops  for  the  purpose.  These 
stations  are  built  of  steel  channels  braced  with  angle  and  bolted  to- 
substantial  concrete  foundations  which  take  the  pull  of  the  outgoing 
rope  without  stressing  the  structure.  The  terminal  station  at  the 
mine,  Fig.  7,  Plate  4,  serves  as  the  first  anchorage,  the  three 
intermediate  stations  are  combined  for  both  anchorage  and  tension, 
Fig.  8,  Plate  5,  while  the  structure  at  the  shipping  end  carries  the 
final  tension  weights. 

The  trestles  and  stations  are  all  fitted  with  rope  sheaves  16^ 
inches  diameter,  working  on  IJ  inch  pins  (arranged  for  automatic 
lubrication)  to  take  the  weight  of  the  haulage  rope  when  it  sags 
between  buckets.     These   sheaves   are   supplied  with  long  splayed 
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guide-bars  to  ensure  the  rope  finding  the  tread  of  the  pulley  in. 
spite  of  any  swaying  caused  by  high  winds,  Fig.  9,  Plate  5. 

The  bearer  ropes  are  kept  under  proper  tension  by  boxes  made 
■of  ^-inch  steel  plate  filled  with  shingle,  those  for  the  loaded  ropes 
being  6  feet  square  by  9  feet  deep,  and  for  the  return  ropes  4^  feet 
square  by  9  feet  deep.  The  larger  ones  weigh,  when  filled,  about 
12  tons  and  the  smaller  8  tons. 

In  practice,  these  weights  are  continually  rising  and  falling  as 
they  adjust  themselves  to  the  varying  load  on  the  ropes,  the  extreme 
travel  between  cool  morning  and  hot  afternoon  being  something 
considerable.  They  are  suspended  in  a  concrete-walled  well,  which 
forms  part  of  the  foundation  and  are  kept  from  contact  by  guides 
which  serve  also  as  columns  to  support  the  l)end  sheaves  which  are 
three  feet  in  diameter  and  brass-bushed  to  turn  on  6-inch  gudgeon 
pins.  The  treads  are  machined  to  take  four  parts  of  flexible  steel 
rope  socketed  to  the  lock  coil  bearer  ropes  by  a  special  cross-head. 

Storage  Bunlers. — The  terminal  station  at  the  shipping  plant 
end  is  fixed  over  the  storage  bunkers  which  are  constructed  in  a 
manner  similar  to  the  one  already  described  for  the  opposite  end, 
except  that  this  one  has  a  capacity  of  12,000  tons  and  is  divided 
into  three  compartments  by  two  massive  walls  built  from  spoil  rock, 
which  supports  the  ropeway  station  at  a  sufficient  height  to  clear 
the  apex  of  mineral  which  forms  as  the  bunkers  are  filled,  Fig.  11, 
Plate  5. 

Like  many  other  jobs,  these  bunkers  could  be  improved  if 
they  had  to  be  repeated.  The  sloping  sides  of  the  excavation  were 
not  made  steep  enough.  It  is  best  to  forget  all  about  the 
angle  of  repose  when  building  bunkers  for  the  storage  of  minerals, 
especially  if  they  contain  much  dust  and  are  exposed  to  the 
weather.  The  way  that  iron  ore  will  stand  on  a  slope  of  50  from 
the  horizontal  must  be  seen  to  be  realized.  The  ore  pocket  under 
review  had  six  chutes  leading  to  the  conveyor  in  the  tunnel 
underneath,  and  it  was  not  uncommon  to  see  a  vertical  shaft 
opened  up  over  each  chute  about  40  feet  deep  and  with  sides 
standing  solid  only  15°  from  the  vertical.     Men  had  to  be  put  in 
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with  long  Steel  bars  to  break  the  walls  aud  sfciit  the  ore  runnicg, 
and  the  job  was  at  times  so  dangerous  that  the  Author  found  it 
advisable  to  do  the  work  with  a  stick  of  dynamite  and  fuse  poked 
into  a  likely  crevice  by  means  of  a  long  bamboo.  Recent  American 
practice  in  the  construction  of  steel  bunkers  for  iron  ore  is  in  the 
right  direction,  and  excavations  forming  ore  pockets  should  foUow 
th°e  same  lines  and  have  the  sides  cemented  as  smooth  as  possible. 

The  Sebabna  Eopeway  went  to  work  without  any  hitch  (except 
those  here  recorded),  and  when  the  Author  left,  it  was  handling 
12,000  tons  per  month  on  a  ten-hours'  day  shift.  The  cost,  ready 
for  work,  was  a  little  less  than  £15,000  (fifteen  thousand  pounds), 
but  it  should  be  remembered  that  the  work  was  concluded  in  1913. 
Formula  for  ascertaining  the  power  required  to  drive  aerial 
ropeways  will  be  found  in  the  Appendix  (page  106). 

Bucket- Cos VEYOR  Shipping  Plant. 
Tlie  Conveyor.— This  ship-loading  plant  receives  iron  ore  from 
the  12,000-ton  storage  under  the  ropeway  just  described.     It   is 
probably  the  biggest  bucket-conveyor  yet  built,  and  consists  of  an 
endless  chain  of  steel  buckets  564  feet  in  length  between  the  centres 
of  the  pentagon  tumbler  at  the    head   and  the  tension  wheels  at 
the  taU  end,  Fig.  10,  Plate  5.     Each  bucket  can  carry  half  a  ton  of 
ore :    274  feet  of   the  chain  is  carried    out    over   the  water  on  a 
cantilever  structure  weighing  300  tons  and  supported  at  the  centre 
by  a   trestle  mounted    on    two    cylinders    sunk   in   the  open  sea. 
Fig.  6,  Plate  4.     The  remainder  of  the  chain  is  in  the  tunnel  under 
the  storage,  except  for  a  short  length  which  is  carried  by  a  separate 
structure  connecting  the  bridge  with  the  tunnel,  Fig.  12,  Plate  6, 
and  spanning  a  block  of  500  tons  of  concrete,  reinforced  and  set 
into  the   shore  rocks  to  serve  as  abutments  and  loading  for  the 
anchor  arms  against  the  pull  of  the  cantilever. 

The  maximum  upward  pull  of  100  tons  on  the  holding-down 
bolts  securing  the  anchor  arms  to  the  foundation  is  not  due  to  any 
greater  length  of  the  cantilever,  but  is  caused  by  the  weight  of  a 
separate  chain  of  buckets  working  on  a  light  steel  structure, 
forming    a   carriage,    the    trod    wheels    of    which    move    on    rails 
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suspended  below  the  bottom  boom  of  the  cantilever.  This  carriage 
and  its  chain  of  buckets  can  be  run  under  the  bridge  until  it  is 
flush  with  the  nose  of  the  cantilever,  or  it  can  be  moved  out 
42  feet  beyond  the  nose  by  winches  provided  for  the  purpose.  This 
arrangement  allows  steamers  to  come  alongside,  and  then  be  warped 
fore  and  aft,  to  bring  the  several  hatches  under  the  plant  without 
risk  of  fouling  the  structure.  Further,  any  tendency  of  the 
steamer  to  list  whilst  loading  can  be  checked  by  telescoping  the 
carriage  as  required,  and  this  can  be  done  without  stopping  the 
plant  or  interfering  with  the  loading  operations  in  any  way. 

The  main  chain  of  buckets  receive  their  load  from  one  or  more 
of  six  valve-controlled  chutes  fitted  to  the  roof  of  the  tunnel  under 
the  storage.  The  buckets  are  made  continuous  by  overlapping,  so 
that  a  constant  stream  of  ore  can  fall  from  the  chutes  without  risk 
of  spillage.  Regulation  is  made  by  hand-controlled  mechanism  for 
flattening  or  increasing  the  angle  of  a  steel  apron  which  extends 
from  the  chute  to  within  6  inches  of  the  buckets. 

The  tunnel  is  driven  into  the  rocks,  which  rise  almost  sheer 
from  the  sea  at  this  point,  and  the  structure  forming  the  runway 
for  the  buckets  is  carried  by  steel  columns  cemented  in  the  roof 
and  floor  of  the  tunnel,  which  at  first  terminated  in  a  dead  end 
300  feet  fi'om  the  face.  But  when  loading  commenced,  the  dust 
from  the  ore  in  dry  weather  became  so  dense  that  it  obscured  the 
artificial  light,  and  the  Arabs  refused  to  remain  at  their  post,  so 
the  Author  continued  the  tunnel  on  a  rise  of  45°  until  it  emerged 
beyond  the  storage.  The  floor  was  blasted  out  in  rough  steps  so 
that  it  served  as  a  separate  exit  as  well  as  a  ventilator. 

The  bucket  track  in  the  tunnel  is  horizontal,  but  turns  up  with 
an  easy  radius  to  an  inclination  of  4°  before  reaching  the  bridge, 
which  is  set  at  that  angle.  The  concrete  abutment  which  carries 
the  anchor  arms  is  23  feet  above  high  water,  or  8  feet  lower 
than  the  trestle  and  cylinders  supporting  the  centre,  so  that  the 
nose  of  the  cantilever  is  39  feet  above  high-water  level. 

It  may  be  noted  here  that,  if  the  cliflfs  had  been  a  little  more 
favourable  in  contour,  it  would  have  been  possible  to  build  the  bridge 
clotcn  instead  of  uj)  an  incline,  in  which  case  the  conveyor  would 
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have  worked  automatically  by  gravity  of  the  loaded  buckets  instead 
of  requiring  motive  power,  as  in  the  present  case. 

The  Structure. — The  total  length  of  the  bridge  is  284  feet  when 
the  movable  portion  is  housed  underneath,  and  326  feet  when  fully 
extended.  The  bi'idge  girders  are  30  feet  deep  at  the  centre  and 
15  feet  apart.  They  are  secured  by  bracing  fixed  to  both  top  and 
bottom  booms.  The  anchor  arms  and  cantilever  arms  are.  identical 
in  length  and  construction,  each  having  eight  panels  of  17  feet 
9  inches  centres. 

The  cylinders  which  support  the  weight  at  the  centre  are  8  feet 
in  diameter  and  pitched  30  feet  centres  apart.  They  were  sunk 
through  the  sand  under  17  feet  of  water,  and  continued  2  feet 
6  inches  into  the  solid  rock  by  blasting  in  the  usual  manner,  the 
air-lock  being  placed  in  position  after  as  much  sand  as  possible  had 
been  dredged  out.  Diving  apparatus  was  used  when  fixing  bottom 
weight  to  the  cylinders,  and,  incidentally,  to  recover  the  large 
number  of  tools  dropped  overboard  when  building  the  bridge  by  Arab 
labour.  The  cylinders  were  pitched  by  means  of  a  floating  crane 
improvised  on  the  site  from  two  30-feet  lighters  lashed  beam  to 
beam  (but  8  feet  apart)  by  four  timbers  9  inches  square  by  40  feet 
in  length.  To  these  timbers  were  spiked  9-inch  by  3-inch  deals  to 
form  flooring  and  stiffen  the  construction  on  which  was  mounted  the 
winch  and  counter-weight.  The  jib  was  erected  to  overhang  the 
side  of  one  lighter  sufl[iciently  to  give  clearance  for  the  cylinder 
when  hanging  in  the  tackle  for  lifting  and  pitching. 

The  cylinders  were  afterwards  filled  with  concrete  to  a  height 
of  7  feet  6  inches  above  high  water  where  they  terminated  as  a  base 
for  the  steel  trestle  23  feet  6  inches  in  height,  making  a  total  of 
31  feet  above  high  water  or  33  feet  above  low  water,  the  rise  and 
fall  of  the  Mediterranean  at  this  point  being  only  2  feet. 

All  the  gear,  stores,  and  material  for  the  job  were  shipped  to  the 
site  by  a  small  steamer  specially  chartered  for  the  purpose,  and 
which  lay  at  anchor  while  the  cargo  was  landed  by  the  two  lighters 
previous  to  their  conversion  into  a  floating  crane,  A  5-ton  hand 
crane   with  a  50-foot  jib   was  first  unloaded  and  set  up  on  some 
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rocks  just  above  high  water  level  for  lifting  the  goods  from  the 
lighters  and  slewing  them  round  to  a  patch  of  beach  behind.  A 
workshop  and  store  were  built  on  the  same  site,  and  an  inclined 
track  laid  up  to  the  mouth  of  the  tunnel  to  carry  the  conveyor  parts 
and  engines,  and  also  to  transport  aggregate  from  the  beach  for 
mixing  the  concrete  required  for  the  abutment.  Most  of  the 
bridge  work  and  all  parts  appertaining  thereto  was  floated  out  to 
the  site  by  the  lighters,  and  there  delivered  to  a  5-ton  Scotch 
derrick  mounted  on  the  bridge  falsework. 

Power  and  Drive. — The  two  I.C.  engines  each  of  50  b.h.p. 
semi-Diesel  type  required  for  the  conveyor  were  first  used  for 
driving  the  air-compressor  and  other  erection  work,  before  being 
placed  on  their  foundations  in  a  house  built  on  the  bridge 
abutment  where  they  were  arranged  to  drive  the  same  countershaft, 
through  friction-clutches,  to  act  as  auxiliaries  or  together  as 
desired.  In  practice  it  was  found  that  both  were  required,  because 
the  Arabs  controlling  the  chutes  in  the  tunnel  of  ten  filled  a  long  line 
of  buckets  to  overflowing,  which  put  so  much  load  on  a  single 
engine  that  it  slowed  down  until  the  vaporizer  cooled  enough  to 
stop  work. 

The  countershaft  is  fitted  at  the  centre  with  a  7-feet  diameter 
rope-sheave  and  placed  in  line  with  a  similar  sheave  on  the 
cantilever  end  of  the  bridge,  the  distance  between  the  two  centres 
being  285  feet.  The  driving  medium  is  an  endless  steel-wire 
haulage  rope,  2\  inches  in  circumference,  joined  to  the  length  required 
by  a  40  feet  running  splice,  the  speed  being  4,400  feet  per  minute. 
The  rope-sheave  on'the  bridge  is  carried  by  an  outboard  bearing  so 
that  the  slack  wire  driving  rope  running  parallel  to  the  bridge  has 
sufficient  clearance  to  prevent  the  risk  of  striking  the  structure 
when  swaying. 

The  power  is  transmitted  from  the  sheave  to  the  driving 
tumbler  through  gearing  and  a  "  Hele-Shaw  "  clutch.  The  gearing 
also  meshes  with  a  further  train  which  drives  the  telescopic 
conveyor  at  a  25  per  cent  increase  in  speed  to  avoid  any  risk  of 
spilling  ore  into  the  sea,  when  the  main  chain  of  buckets  happen  to 
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be  overloaded.     A  novel  feature  in  this  drive  is  the  equalizing  gear 
invented    by  I.  C.    Barling,    Esq.,  M.Inst.C.E.,    to    overcome   the 
surge  caused  by  the  variation  in  speed  of  a  heavy  chain  of  buckets. 
Pre\'ious    plants   had    proved    that  in    the  case  of  a  five-sided 
tumbler,  the  velocity  of  a  chain  of  buckets  when  the  tumbler  was 


Fig.  13 — Equalizing  Gear  (Barling). 
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rotating  at  a  uniform  speed,  varied  as  much  as  25  per  cent  during 
the  cycle  of  passing  a  single  cant  of  the  tumbler.  This  drawback 
limits  the  speed  of  a  large  articulated  belt  to  less  than  100  feet  per 
minute.  Even  at  this  speed  the  effect  of  50  tons  of  loaded  buckets 
surging  along  the  bridge  was  feared  ;  it  was  avoided,  however,  by  the 
intervention  of  an  epicyclic  train,  operated  by  a  cam,  which  varied 
the  angular  velocity  of  the  driving  tumbler  and  gave  a  uniform 
speed  to  the  buckets,  Fig.  13. 
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The  trod  wheels  on  the  bucket  chain  were  fitted  with  Stauffer 
lubricators ;  but  the  Arabs  proved  poor  greasers  and  the  cups  were 
frequently  lost  overboard,  or  else  filled  as  much  with  ore  dust  or 
grease,  with  the  result  that  wear  on  the  750  wheels  and  axles  became 
abnormal.  The  Author  had  some  spare  wheels  counterbored  and 
brass-bushed,  so  that  the  annular  space  on  the  outside  of  the  bushes 
served  as  a  reservoir  for  automatic  lubrication.  Fig.  14.  Oil  was 
fed  to  the  reservoir  by  being  forced  through  a  spring  valve  (similar 
to  those  used  for  bicycle  hubs)  by  a  syringe  which  contained  the 
proper  quantity  for  one  wheel.  The  syringe  has  a  taper  nose 
:ground  to  fit  the  valve,  and  is  held  hard  up  whilst  filling.  The 
arrangements  were  made  as  "  fool  proof  "  as  possible,  and  the  results 
were  satisfactory. 

Loading  Steamers. — The  steamers  were  moored  in  position  vinder 
•the  plant  by  three  floating  steel  buoys  attached  to  2-ton  stockless 
anchors  and  two  bollards  bolted  to  the  rocks  on  the  fore-shore. 
Two  of  the  floating  buoys  were  placed  directly  fore  and  aft  of  the 
chip's  loading  position  for  warping  ahead  or  astern  to  bring  the 
various  hatches  under  the  loader.  The  buoy  to  seaward  and  the 
two  bollards  ashore,  together  with  the  ship's  own  anchor  made  all 
•safe  abeam.  It  was  found  in  practice  that,  by  dumping  the  ore  as 
near  to  the  fore  and  aft  extremities  of  the  hatchways  as  possible, 
and  working  the  telescopic  conveyor  to  avoid  any  tendency  to  list, 
-the  full  load  could  be  dumped  into  the  holds  before  the  cone  of 
^mineral  rose  high  enough  to  choke  the  hatchway.  This  reduced 
■trimming  to  a  minimum,  as  it  only  required  a  few  Arabs  to  shovel 
tthe  apex  of  mineral  down  the  sides  of  the  cone  to  complete  the  job. 

The  greatest  speed  of  loading  attained  by  the  Author  was  660 
ions  in  fifty-five  minutes,  namely,  filling  one  hold  of  the  S.S. 
^'  Poeldijk  "  ;  but  the  friction,  due  to  the  poor  lubrication  previously 
alluded  to,  caused  the  engines  to  run  below  full  speed.  There  is 
iittle  doubt  that  when  the  wheels  of  new  design  are  completed — the 
lifirst  lot  was  captured  by  the  enemy — and  the  Arabs  become  used  to 
obheir  work,  the  plant  will  easily  attain  its  rated  capacity  of  800  tons 
per  h<jur. 
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When  the  conveyox"  was  at  work  under  full  load,  the  vertical 
oscillations  of  the  cantilever  were  rather  alarming  to  the  operators. 
The  greatest  amplitude  of  these  vibrations,  as  shown  on  a  scale 
painted  on  the  nose  of  the  cantilever,  and  taken  from  100  readings 
recorded  by  the  Author  with  a  transit  set  up  on  shore,  was  2^ 
inches,  whilst  the  period  was  seventy  to  the  minute.  This  period 
in  no  way  synchronized  with  any  of  the  mechanical  movements  on 
the  bridge  and  there  was  no  suspicion  of  resonance,  but  it  was 
considered  advisable  for  the  Author  to  make  a  second  visit  to 
Algeria  and  strengthen  the  structure  on  that  part  of  the  bridge 
which  carried  the  drive.  But  the  results  were  not  different ;  the 
vibrations  worked  up  to  a  maximum  of  2^  inches  and  then  gradually 
damped  down  again. 

The  Author  thinks  that  a  mistake  was  made  in  fitting  an 
articulated  chain  of  buckets  to  the  plant :  it  seemed  an  ideal  case 
for  a  belt-conveyor.  A  fabric  and  rubber  belt  48  inches  wide, 
travelling  at  400  feet  per  minute,  would  have  carried  a  bigger  load 
for  less  power,  while  the  weight  on  the  structure,  and  the  vibration, 
would  have  been  considerably  different.  The  owners,  however,  had 
no  faith  in  this  arrangement,  and  insisted  on  a  chain  of  steel 
buckets.  The  cost  of  the  Cableway  and  Shipping  plant  (pre-war 
prices)  erected  complete  was  about  £35,000  sterling. 

Belt-Conveyobs. 

To  an  engineer  of  the  Mersey  Dock  and  Harbour  Board  belongs 
the  credit  of  inventing  the  Belt- Conveyor.  His  first  idea  of  moving 
grain  by  means  of  a  worm  screw  was  abandoned  because  the  capacity 
was  too  low  and  the  power  consumed  too  high.  After  numerous 
experiments  with  various  mechanical  devices,  Mr.  G.  H.  Lyster 
decided  that  a  rubber  and  canvas  belt  was  best  adapted  to  his 
purpose. 

During  the  same  year  he  perfected  the  "  tripper  "  or  throw-off 
carriage,  which  is  stiU  used  for  discharging  the  load  at  right  angles 
to  the  belt. 

For  moving  minerals  along  the  level  or  on  an  inclination  not 
exceeding    20^  above    or   below   the    horizontal,  the    belt-conveyor 
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transcends  all  its  rivals  both  for  simplicity  of  construction  and 
economy  of  first  cost,  while  its  proved  capacity  for  handling  iron- 
ore  at  the  rate  of  2,000  tons  per  hour  by  no  means  exhausts  its 
possibilities. 

After  the  outbreak  of  War  it  was  believed,  not  without 
reason,  that  the  Turks  would  make  a  determined  eflfort  to  capture 
or  block  the  Suez  Canal,  which  manoeuvre,  if  successful,  would  have 
thrown  all  the  work  of  coaling  steamers  for  the  Far  East  on  the 
South  African  ports.  In  preparation  for  this  possibility,  the  South 
African  Administration  for  Docks  and  Railways  gave  orders  for  the 
construction  of  a  large  Belt-Conveyor  Shipping  Plant  at  Durban, 
with  a  guaranteed  capacity  for  loading  coal  into  steamers  at  not  less 
than  30,000  cubic  feet  per  hour.  The  fact  that  the  South  African 
Government  chose  a  belt-conveyor  when  they  required  a  plant  to 
ship  coal  at  the  rate  of  700  tons  per  hour  during  a  time  of  great 
national  danger  is  of  more  than  passing  interest,  although  in  their 
case  it  was  probably  a  natural  sequence,  because  in  gold  mining 
the  problem  of  transporting  many  thousands  of  tons  of  rock  daily 
through  the  various  processes  in  the  reduction  department  had 
resulted  in  the  triumph  of  the  belt-conveyor  over  all  other  methods. 

Belts :  Life  and  Capacity. — In  the  first  place  the  durability  of 
the  moving  parts  of  a  belt-conveyor  is  greater  than  generally 
supposed,  although  a  few  moments'  reflection  on  the  amount  of  work 
an  auto-car  tyre  will  stand  up  to  should  convince  anyone  what  the  life 
of  similar  material  ought  to  be  when  working  under  more  favourable 
conditions  on  a  conveyor. 

A  belt  30  inches  wide  made  up  of  8  plies  of  cotton  duck  faced 
and  filled  with  rubber  is  known  to  have  elevated  two  million  tons  of 
coal  while  working  at  a  speed  of  460  feet  per  minute  at  a  South 
African  Colliery.  The  best  performance  of  this  inclined  conveyor  was 
3,000  tons  in  10  hours,  and  it  should  be  noted  that  no  guide-idlers 
were  used.  The  Author  changed  a  belt  after  it  had  been  in 
commission  for  five  years  loading  iron  ore  into  steamers  on  the 
Spanish-Mediterranean  coast.  The  speed  of  this  belt  was  300  feet 
ner  minute.    A  similar  belt  42  inches  -v^ide  with  -^^  inch  of  rubber  on 
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the  working  face  shipped  3  million  tons  of  ore  at  another  Spanish 
port  and  made  the  record  of  1,500  tons  carried  in  one  hour. 

Makers  should  be  willing  to  guarantee  the  life  of  a  48-inch  belt 
at  not  less  than  one  million  tons  of  coal  carried,  if  allowed  to 
supervise  the  erecting  of  the  plant. 

There  are  several  types  of  belting  suitable  for  conveyors,  and 
for  all  of  them  there  is  claimed  some  superiority.  But  the  choice 
of  a  belt  for  this  class  of  work  depends  on  several  considerations. 
If  the  conveyor  has  to  work  in  the  open  air,  or  carry  wet  material 
or  stuflf  containing  destructive  acids,  then  the  Author  considers  it 
a  waste  of  time  to  argue  against  a  rubber-covered  belt.  If  an 
engineer  is  in  doubt  which  is  the  best  class  of  belt  material  for  his 
particular  purpose  the  matter  is  easily  settled,  because  belting  will 
work  quite  well  on  a  conveyor  if  joined  up  in  two  or  more  pieces 
by  "  Bristol  "  lacing.  This  test  is  conclusive,  as  the  sections  can  be 
watched  while  working  under  exactly  the  same  conditions. 

Generally  speaking,  a  low-priced  belt  is  false  economy,  and  it  is 
worth  noting  that  the  most  expensive  brands  retain  their  market. 

Conveyor-belt  failures  come  usually  under  three  headings : — 

(1)  Wearing  so  thin  that  it  is  unsafe  to  run  them  any  longer. 

(2)  General  break-up,  through   lack  of   adhesion  to  bind  the 

layers  of  canvas  together. 

(3)  Bad  treatment  of  the  belt,  generally  at  the  edges,  through 

excessive  use  of  guide-idlers  (to  overcome  bad  alignment 
of  the  working  parts)  causing  stripping  of  the  rubber  cover 
which  allows  moisture  to  enter  and  attack  the  fabric. 

The  failures  suggest  the  remedy  required. 

When  examining  a  sample  of  rubber  belting,  the  cotton  duck 
should  be  exposed  so  that  the  number  of  yarns  can  be  counted  in 
the  warp  and  filler,  to  make  sure  that  the  belt  is  almost  as  strong 
across  its  width  as  along  its  length.  A  good  rubber  and  canvas 
belt  made  with  cotton  duck  weighing  not  less  than  30  oz.  per 
square  yard  should  be  equal  to  a  breaking  strain  of  400  lb.  per 
inch  per  ply.  This  means  that  the  ultimate  tensile  strength  of  a 
six-ply  belt,  24  inches  wide,  will  be  about  25  tons.     Such  a  belt 
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would  work  well  on  a  conveyor  when  stressed  to  2  tons  Ijy  the 
tension  load  and  drive.  A  rubber  and  fabric  belt  30  inches  wide 
by  2,000  feet  in  length,  working  on  a  conveyor  nearly  1,000  feet 
long,  at  a  speed  of  350  feet  per  minute,  and  loading  coal  at  the  rate 
of  200  tons  per  hour,  will  stand  a  drive  of  60  b.h.p.  when  using 
tandem  pulleys,  without  unduly  stressing  the  belt.  The  Author 
has  installed  belts  48  inches  wide,  weighing  12^  lb.  per  foot-run 
to  load  800  tons  of  coal  per  hour  when  running  at  500  feet  per 
minute.  A  belt  60  inches  wide,  capable  of  candying  3,000  tons  of 
iron- ore  per  hour,  is  quite  a  practical  proposition. 

The  quality  of  rubber  used  on  the  working  face  of  a  belt  should 
be  capable  of  stretching  three  times  its  length,  3  to  9  inches,  before 
breaking,  and  the  belt  will  give  the  best  results  if  in  a  flexible 
condition  with  the  rubber  rendered  nqt  too  hard  by  over- vulcanization. 
The  adhesion  of  the  rubber  face  to  the  canvas  should  require  a 
force  of  not  less  than  20  lb.  applied  for  one  minute  to  separate 
one  square  inch.  The  "  frictioning  "  between  the  layers  of  canvas 
should  require  a  force  of  not  less  than  16  lb.  for  the  same  purpose. 
A  really  first-class  belt  would  better  these  conditions  easily. 

The  best  results  cannot  be  expected  from  any  make  of  belt, 
unless  the  structure  and  mechanical  portions  of  the  belt  ate  designed 
to  comply  with  certain  conditions  favourable  to  the  belt.  There  is 
little  information  of  any  practical  value  on  the  subject  of  belt- 
conveyors  to  be  found  in  engineering  handbooks,  and  one  of  the 
objects  of  this  Paper  is  to  enable  engineers  to  specify  the  principal 
portions  of  the  conveyor  in  some  detail  when  ordering  machines  of 
this  class. 

Competition  will  cause  makers  to  cut  things  too  fine,  for  which 
engineers  are  partly  to  blame,  because  as  customers  they  will  be 
inclined  to  purchase  in  the  cheapest  market.  A  belt-conveyor  with 
a  stated  capacity  of  500  tons  per  hour,  should  be  capable  of  handling 
5,000  tons  in  ten  hours,  instead  of  100  tons  in  twelve  minutes  of 
exceptional  circumstances,  which  is  a  distinction  with  considerable 
diflerence. 

The  best  speed  for  l)elt-conveyort>  is  still  open  to  argument. 
The   xiuthor,  considering   all   things,   favours   from  300  feet  per 
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minute  for  smaller  sizes,  up  to  500  feet  for  the  larger.  The 
speed  should  not  be  less  than  300  feet,  because  the  trajectory 
of  the  load  after  leaving  the  belt  at  lesser  speeds,  falls  too  rapidly 
towards  the  vertical  to  ensure  the  whole  of  the  stream  being 
discharged  clear  of  the  head  pulley.  On  the  other  hand,  with  speeds 
exceeding  500  feet  per  minute,  ic  is  difficult  to  deliver  the  load  to 
the  belt  without  serious  abrasion.  The  ideal  way  of  loading  would 
be  to  -let  the  material  come  to  rest  on  the  belt  whilst  it  wa.s 
travelling  along  the  same  plane,  and  at  the  same  speed  at  which 
the  belt  was  running.  This  would  reduce  abrasion  to  the  minimum, 
and  although  such  conditions  are  almost  unattainable  in  actual 
practice,  j'et  the  possibility  should  not  be  lost  sight  of  when 
designing  feed-hoppers  for  belt-convej'ors. 

Feed-Hoppers. — The  mistake  should  not  be  made  of  building 
a  hopper  to  discharge  down  an  angle  of,  say,  40  from  the  vertical, 
to  deliver  mineral  on  a  belt  running  up  an  incline  of  20^  from  the 
horizontal.  Instances  of  the  kind  can  be  found  with  the  result 
that  the  "  boiling  "  which  takes  place  before  the  load  comes  to  rest, 
has  a  serious  effect  on  the  life  of  the  belt,  and  is  the  cause  of 
a  deal  of  spillage.  A  bad  belt-conveyor  means  either  faulty 
design,  poor  erection,  or  a  bad  feed-hopper.  The  angle  of  an 
inclined  belt  should  flatten  gradually  into  the  horizontal  from 
5  to  15  feet  (according  to  width)  before  reaching  the  feed  from 
the  hopper. 

Regarding  hoppers,  the  funnel  maybe  considered  a  hopper  of  sorts, 
but  it  will  not  serve  a  belt-conveyor.  Sharp  sand  flowing  through  a 
sluice  gate  is  the  idea  to  follow.  The  discharge  end  of  a  hopper 
should  have  a  vertical  face.  The  sides  may  slope,  but  they  should 
terminate  in  a  channel  with  vertical  sides  of  the  same  depth  as  the 
discharge  opening  in  the  front  plate  and  then  taper  to  zero,  where 
it  joins  up,  or  forms  part,  with  the  rear  slope.  The  bottom  of  the 
channel  should  lie  at  an  angle  sufficiently  steep  to  deliver  the 
material  through  the  opening  with  momentum  enough  to  carry  it 
over  a  spooned  plate  which  will  change  the  direction  of  the  stream 
into  something  approaching  the  horizontal.     Dogmatism  fails  here. 
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of  course,  as  elsewhere,  because  with  wet  sand  or  sticky  material, 
nothing  less  than  a  vertical  drop  is  permissible. 

The  hopper  which  will  not  choke  at  times  has  not  yet  been  built. 
When  dealing  with  sand,  crushed  rock,  or  small  coal,  it  is  easy  to 
get  an  even  feed  from  the  hopper  to  the  conveyor ;  but  iron-ore 
or  rock  varying  in  size  from  dust  to  18-inch  cubes  is  a  more 
difl&cult  matter,  unless  there  is  sufficient  fine  stuff  to  float  the  large 
lumps  singly  through  the  outlet.  A  wagon-load  of  lump  rock  will 
sometimes  form  an  arch  and  choke  the  hopper  until  the  keystone 
is  dislodged  by  poking.  To  prepare  for  this,  several  poker  holes 
about  2^  inches  in  diameter  should  be  cut  out  in  the  region  where 
wedging  takes  place,  and  be  covered  by  a  circular  plate  secured 
with  a  single  bolt,  so  that  it  can  be  pushed  aside  when  necessary  to 
allow  the  insertion  of  a  steel  bar  for  levering  up  the  wedged  stone 
until  the  arch  collapses.  A  lot  of  time  is  wasted  on  most  hoppers 
by  trying  to  clear  obstructions  through  the  opening  instead  of 
attacking  the  trouble  at  its  source  by  this  simple  arrangement. 

Some  patience  is  necessary  with  new  hoppers.  Speaking  from 
experience,  the  Author  has  wasted  time  and  money  making 
alterations  to  new  hoppers  which  later  on  had  to  be  restored  to 
their  original  form.  The  difference  in  the  action  of  mineral 
running  through  a  hopper  worn  smooth  and  bright  compared  with 
the  performance  when  the  plates  were  new  and  covered  with  mill 
scale  and  paint  must  be  watched  before  it  can  be  fully  realized. 

During  erection  it  is  usual  to  see  the  machine-parts  guarded 
against  the  weather,  while  the  hopper-plates  are  tumbled  into  any 
odd  corner  to  corrode  at  will.  A  coat  of  red  oxide  after  riveting 
up  is  completed  is  supposed  to  be  all  that  is  necessary.  When  the 
plant  goes  to  work,  the  hopper  end  of  the  conveyor  is  looked  upon  as  a 
necessary  evil — a  dirty  place  to  be  avoided  because  of  the  dust,  but  if 
conveyors  had  souls  the  psychology  of  the  hopper  would  fill  volumes. 
Hopper-plates  should  have  the  working  faces  polished  under  a 
Band-blast  at  the  works  and  then  be  protected  with  white  lead  and 
tallow  until  ready  for  work.  Even  with  an  old  hopper  the  thin 
film  of  oxidization  that  forms  overnight  is  detrimental,  until  swept 
away  by  a  few  wagon-loads  of  mineral. 
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The  ideal  mineral  for  running  through  a  hopper  is  washed  nut 
coal,  although  any  kind  of  coal  runs  better  than  rock.  With 
reasonable  size  of  coal  compared  to  the  hopper  opening,  the  dust 
acts  as  a  lubricant  and  the  mixture  tumbles  through  in  a  regular 
stream  on  to  the  belt.  Large  lumps  of  any  material  may  be 
loaded  without  much  hindrance,  if  the  conveyor  has  sufficient  width 
to  pass  two  pieces  abreast  and  allow  the  necessary  gate  regulation 
to  relieve  any  choking ;  but  it  is  not  possible  to  get  the  same  duty 
from  the  machine  as  when  fed  by  a  constant  stream  of  smaller 
material,  and  some  poking  will  be  necessary  at  times  to  clear  the 
hopper.  It  is  not  uncommon  to  see  a  conveyor,  which  could  load 
easily  500  tons  of  household  coal,  installed  and  trying  without 
success  to  do  the  same  duty  on  large  run  of  bunker  coal.  To  expect 
the  same  result  in  both  cases  is  unreasonable. 

Power  Tlpqulred. — The  Author  has  devised  formuhv  from 
practical  experience,  which  will  give  the  average  duty  that  may 
be  expected  under  different  working  conditions  as  well  as  the 
maximum  which  may  be  expected  when  all  is  favourable.  It  will 
be  noted  that  the  constants  given  do  not  vary  proportionately  with 
the  specific  gravity  of  the  mineral  to  be  conveyed,  the  Author 
having  made  an  effort  by  the  use  of  the  former  to  give  a  more 
exact  indication  of  the  tonnage  likely  to  be  conveyed  under  various 
conditions  than  would  otherwise  be  possible. 

On  the  other  hand,  the  constant  used  when  calculating  horse- 
power remains  always  the  same  as  for  maximum  loading  capacity, 
because  it  is  certain  that  any  plant  will  be  loaded  to  spilling  point 
at  times  and  the  motor  must  be  capable  of  carrying  the  greatest 
load  when  called  upon. 

Furthermore,  the  incidental  flooding  of  a  belt  is  often  the  time 
chosen  by  the  operator  for  shutting  down  the  plant,  so  there  must 
be  a  sufficient  margin  of  power  in  reserve — especially  on  an  inclined 
conveyor — to  enable  this  over-load  to  be  started  up  again  from 
rest  without  trouble.  For  somewhat  similar  reasons,  all  inclined 
conveyors  should  be  driven  through  worm-gearing  to  overcome  any 
tendency  of  the  belt  to  run  back  when  stopped  in  an  overloaded 
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coDdition.  The  Author  was  called  to  inspect  two  belt-conveyor 
shipping  plants  which  were  earning  an  vinenviable  reputation 
during  the  first  year  of  the  War,  because  overload  caused  the  circuit 
breakers  to  trip,  or  blew  out  the  fuses  and  stopped  the  plant 
which  could  not  then  be  restarted  until  a  considerable  amount 
of  coal  had  been  shovelled  oflf  the  inclined  belts.  The  number  of 
men  which  had  to  be  kept  on  hand,  the  noise,  the  mess  and 
confusion  can  be  imagined.  Now  another  10  h.p.  or  so  on 
the  motors  would  have  increased  the  original  cost  very  little  and 
certainly  would  not  have  increased  the  running  cost,  while  the 
customer  would  have  been  satisfied  instead  of  being  very  much  the 
reverse.  Here  again  makers  are  not  altogether  to  he  lilamed 
because  clients  are  more  likely  to  be  attracted  by  a  tender  for  a 
plant  with  a  7.')  b.h.p.  motor  than  a  similar  one  where  100  b.h.p.  is 
called  for.  Asa  matter  of  fact,  the  running  costs  will  be  less  with 
the  latter.  The  large  motor  will  remain  cool  and  be  equal  to  all 
emergencies,  whilst  the  smaller  one  would  run  hot  when  overloaded 
and  be  often  shut  down  from  the  same  cause. 

The  formula  given  by  the  Author  ha.s  been  arranged  to  meet 
these  contingencies,  and  although  the  resultant  figures  may  be  at 
variance  with  some  makers'  ideas  on  the  subject,  yet  the  figures 
given  may  be  taken  as  a  reliable  guide,  being  the  result  of  practical 
experience  with  the  difficulties  they  are  intended  to  avoid. 

It  will  be  understood  that  although  the  motor  has  sufficient 
margin  to  cope  with  the  exceptional  circumstances  that  are  sure  to 
happen,  yet  the  power  consumed  will  be  proportionate  to  the 
average  of  the  load  conveyed.  There  is,  of  course,  a  limit  to  the 
power  which  may  be  employed,  namely,  the  maximum  pull  the  belt 
will  allow  the  driving-pulley  to  exert  without  injury  to  the  fabric. 
Belts  built  of  cotton  duck  weighing  30  oz.  to  the  square  yard 
may  be  stressed  to  30  lb.  per  inch  ply  with  safety.  This  side  of 
the  problem  is  also  taken  care  of  by  the  formula  given. 

Structure,  Pulleys,  and  Idlers. — Turning  now  to  the  structural 
portion  of  the  conveyor,  it  may  be  stated  that  many  belts  are 
damaged  through  designers  not  allowing  sufficient  clearance  between 


Jan-.  1921.  MECHANICAL  LOADIKG   OP   SHIPS.  89 

the  return  belt  and  the  foundation,  especially  in  the  region  of  the 
tail  pulley  of  inclined  conveyors.  Xumerous  examples  could  be 
given  if  space  allowed. 

Another  cause  of  damage  is  placing  the  stringers  which  carry 
the  idlers  too  close  to  the  edges  of  the  belt :  8  inches  of  clearance 
on  each  side  is  not  too  much.  Dust,  especially  if  damp,  is  likely 
to  build  up  on  the  tread  of  the  tail  pulley  and  throw  the  belt  badly 
to  one  side  before  the  trouble  is  noticed,  with  the  result  that  the 
belt  edges  rub  hard  on  the  structure  if  sufficient  clearance  has  not 
Vjeen  allowed  for. 

The  greatest  menace  to  the  life  of  a  conveyor-belt  is  the  guide- 
idler.  If  the  belt  is  compelled  to  run  within  narrow  limits  by  the 
liberal  use  of  guide-idlers,  damage  is  certain.  Unequal  loading, 
due  to  the  stream  of  mineral  not  falling  central  from  the  mouth  of 
the  hopper,  will  eiuse  that  side  of  the  belt  most  loaded  to  sink  into 
the  trough  of  the  idler.  This  variation  is  of  little  consequence  and 
should  be  allowed  for  by  clearance  instead  of  forcing  the  belt  into 
line  by  guides.  In  nearly  all  cases  of  belts  with  record  lives,  it 
will  be  found  that  they  were  run  without  side  idlers. 

If  there  is  a  place  for  guide-idlers,  it  is  where  they  are  rarely 
found,  namely,  along  the  return.  What  the  returning  belt  is  doing 
cannot  be  seen  easily,  and  as  it  is  running  on  flat  idlers  and  without 
load,  it  can  be  kept  in  line  with  but  little  wear  on  the  edges. 
It  is  also  logical  to  suppose  that,  if  the  return  is  running  central, 
there  will  be  little  trouble  with  the  troughed  portion,  providing  the 
belt  is  kept  under  proper  tension.  In  most  cases  attention  to  the 
alignment  of  })ulleys,  or  the  feed  from  the  hopper,  will  produce 
better  results  than  fitting  guide-idlers.  Other  causes  of  "  snaky  " 
running  nmy  be  insufficient  tension  or  the  placing  of  tlie  drive  too 
near  to  the  tail  pulley. 

When  trippers  are  necessary,  it  is  not  conducive  of  the  best 
results  to  put  the  belt  under  the  best  tension  for  straight  running. 
The  cure  in  such  cases  is  to  tilt  the  troughing  idlers  towards  the 
direction  in  which  the  belt  is  running,  by  placing  wooden  wedges 
with  I  inch  of  taper  under  the  idler  brackets.  This  tilting  has 
the    eftect    of    making    the    centres    through    the    pulleys    follow 
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converging  lines,  and  this  overcomes  the  tendency  to  snaky 
running  by  causing  the  slack  to  be  taken  up  in  sag  between  the 
troughing  idlers. 

Bend  pulleys  on  a  belt-conveyor  cause  a  deal  of  spillage  in  their 
vicinity.  The  most  efficient  remedy,  and  the  least  harmful,  is  to 
replace  the  pulley  by  a  nest  of  troughing  idlers  pitched  about 
1 2  inches  apart  and  mounted  on  steel  channels  bent  in  the  form  of 
a  quadrant,  whose  radius  is  about  6  feet  centred  over  the  knuckle- 
pin  if  the  conveyor  has  a  movable  arm.  About  five  idlers  will  be 
sufficient.  When  the  movable  portion  of  the  conveyor  is  luffed  up 
to  its  highest  position,  Fig.  18,  Plate  7,  only  one  idler  on  the 
quadrant  will  be  in  operation,  but  as  the  conveyor  arm  is  lowered 
to  the  horizontal  or  beyond  it,  as  often  happens  in  a  shipping  plant. 
Fig.  15,  Plate  6,  one  idler  after  the  other  comes  into  commission 
and  the  angle  is  turned  while  the  trough  is  maintained.  Even 
this  method  has  some  effect  on  the  life  of  the  belt,  but  it  is  not 
much,  and  the  advantages  due  to  the  absence  of  spillage  far 
outweigh  the  slight  increase  in  running  cost. 

Shirt-Boards. — Another  point  of  spillage  is  where  the  feed  is 
delivered  to  the  belt.  This  can  be  cured  by  fitting  skirt-plates  at 
the  same  distance  apart  as  the  width  of  the  opening  in  the  feed- 
hopper,  to  which  they  should  be  firmly  bolted.  The  plates  are 
then  splayed  until  they  terminate  about  2  inches  inside  the  edge  of 
the  belt.  The  under  edges  of  these  ^-inch  steel  plate  skirts  should 
be  filed  half  round  and  commence  with  the  heel  only  \  inch  from 
the  belt  and  rising  gradually  to  the  point,  which  may  be  1^  inches 
or  more  above  the  belt.  If  finer  adjustment  is  required,  a  piece  of 
wood  or  belting  planed  to  a  feather-edge  can  be  bolted  to  the  skirt- 
plates  so  that  the  edge  is  just  clear  ol  the  belt.  Slotted  holes  in 
these  boards  will  allow  for  adjustment  as  they  wear.  The  skirt- 
plates  must  be  firmly  fixed  at  both  ends  to  the  permanent  structure 
and  braced  in  the  centres  also  for  the  larger  sizes.  Their  length 
will  range  from  5  to  10  feet  according  to  the  size  of  conveyor  and 
the  nature  of  the  load. 

Skii't-plates  have  some  effect  on  the  life  of  a  belt,  but  so  also 
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do  roads  wear'out  the  tyres  of  auto-cars.  The  life  of  conveyor-belts 
should  be  guarded  by  all  means,  but  in  the  end  it  becomes  a 
problem  in  profit  and  loss  and  should  not  be  allowed  to  become  an 
obsession.  The  system  of  belt-conveying  may  be  perfected  because 
all  its  faults  can  be  eradicated.  All  the  mechanical  parts  will  run 
for  years  without  repair.  The  belt  is  an  expensive  item  to  renew, 
but  the  cost  must  be  compared  with  the  work  it  will  do.  Serious 
damage  to  belts,  like  railway  collisions,  will  surely  happen,  but  the 
extended  use  of  the  one  is  not  likely  to  be  more  impaired  than  the 
other  on  that  account.  The  system  stands  on  its  ability  to 
transport  material  in  bulk  with  greater  rapidity  and  economy  than 
any  other  method.  Given  good  erection  and  attention  to  the 
details  mentioned,  the  belt-conveyor  for  this  class  of  work  stands 
unrivalled.. 

Dnrhan  Conveyor. — The  largest  belt-conveyor  erected  by  the 
Author  is  the  coal-shipping  plant  at  Durban,*  which  was 
completed  in  1917  at  a  cost  of  nearly  £50,000,  excluding  the  cost 
of  the  foundations.  It  is  designed  to  load  anything  from  a  lighter 
to  the  largest  vessel  afloat,  and  delivers  the  coal  in  a  continuous 
stream  which  can  be  varied  from  200  tons  to  800  tons  per  hour  to 
suit  the  ship's  requirements.  The  belt  used  is  48  inches  wide, 
made  with  eight  plies  of  cotton-duck  rubber  filled  and  covered,  and 
a  tread  of  pure  rubber  {\  inch  thick  on  the  working  face.  The 
belt  weighs  12^  lb.  per  foot-run,  and  has  a  total  weight  of  over 
9  tons. 

The  plant  consists  of  four  units :  — 

(1)  A  fixed  dumper  capable  of  delivering  coal  to  the  conveyor 
in  any  quantity  up  to  1000  tons  per  hour,  by  hoisting  and  tipping 
railway  wagons  of  any  size  up  to  a  maximum  of  80  tons  gross 
weight. 

(2)  An  inclined  belt-conveyor  about  200  feet  in  length,  which 
turns  by  an  easy  radius  from  an  angle  of  9°  under  the  hopper  to 
20°  for  the  remaining  portion.     This  conveyor  is  driven  through 

*  Engineering,  17  Aug.  1917,  page  166. 
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worm-gear  in  g  on  the  head  pulley  by  a  65  b.h.p.  variable  speed 
motor,  and  elevates  the  coal  60  feet  before  discharging  into  the 
automatic  weighing-machine. 

(3)  The  "  weightometer  "  is  fixed  near  the  extremity  of  the  third 
unit  which  is  an  horizontal  belt-conveyor  525  feet  in  length 
V)etween  centres  running  parallel  to  the  quay  wall  on  an  elevated 
gantry.  This  belt  also  is  driven  by  a  65  b.h.p.  motor  in  a  manner 
similar  to  the  former,  except  that  it  is  geared  to  run  25  per  cent 
faster  than  the  second  unit  to  avoid  any  risk  of  flooding  the 
belt,  even  if  this  has  happened  to  the  first  conveyor.  This  third 
unit  is  fitted  with  an  automatic  tripper  which  runs  on  rails  fixed 
the  full  lengLh  of  the  gantry,  and  discharges  the  coal  at  any  point 
along  the  runway  us  required  by  the  travelling  tower  or  fourth 
unit. 

(4)  The  travelling  tower  is  a  substantial  structure  weighing  150 
tons  and  designed  to  run  along  the  quay  wall  at  80  feet  per  minute 
by  electric  motors  geared  to  both  the  front  and  rear  bogies.  The 
duty  of  this  tower  is  to  carry  a  telescopic  and  hinged  belt-conveyor 
capable  of  discharging  coal  at  any  point  over  a  horizontal  plane 
measuring  500  feet  in  length  by  22  feet  in  width,  or  to  any  point  in 
a  vertical  plane  500  feet  in  length  and  reaching  from  just  above 
rail  level  to  60  feet  above  the  water  line.  In  other  words,  to  any 
point  that  could  be  required  by  the  largest  liner  afloat  without  the 
necessity  of  moving  the  ship. 

The  conveyor  can  be  telescoped  in  or  out,  lowered  or  elevated, 
and  the  tower  moved  to  and  fro  whilst  tha  plant  is  loading  coal. 
The  seven  electric  motors  on  the  travelling  tower,  together  with 
those  operating  units  Kos.  2  and  3,  are  all  controlled  by  one  man  in 
an  elevated  cabin  where  he  has  an  uninterrupted  view  of  the  loading 
opei-ations.  The  machinery  is  "  fool-proof."  Either  belt-conveyor 
shutting  down  from  any  cause  tri])S  the  circuit-breakei's  of  all  the 
motors  behind  it,  and  they  can  only  be  restarted  in  their  proper 
sequence.  Remote  control  push-buttons  arranged  to  shut  down  the 
whole  plant  on  the  instant  are  placed  in  various  positions  in  case  of 
need.  Each  motor  is  provided  with  hand-guard  cut-outs,  by  which 
the  system  can  be  shut   down  from  any  motor  without  any  risk  of 
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being  started  up  again  through  ignorance  of  the  situation  by  the 
main  operator. 

The  contract  specified  for  the  erection  complete  and  maintenance 
for  six  months  before  acceptance.  The  latter  period  ended  in  1917 
when  the  plant  was  taken  over  by  the  South  African  Administration 
for  Railways  and  Harbours. 

The  loading  record,  so  far  as  the  Author  is  aware,  remains  at 
over  800  tons  for  one  hour  and  7,000  tons  for  a  working  day  of  10 
hours.  The  tot;il  weight  of  the  structure  and  machinery  is  nearly 
800  tons  and  the  cost  about  =£50,000  excluding  the  cost  of  the 
foundations..  The  power  used  is  .300  volts  continuous  current  and 
the  motors  used  on  the  plant  aggregate  700  b.h.p.  The  actual 
current  consumed  on  the  average  under  maximum  working 
conditions  is  approximately  150  kilowatts. 

Wagox-Dumpers. 

Loading  coal  direct  from  railway  wagons  to  steamers  by  staiths 
worked  hydraulically  held  favour  in  this  country  for  a  long  time, 
and  many  engineers  of  the  old  school  still  look  with  a  jealous  eye  on 
any  rival  scheme,  but  it  is  now  generally  admitted  that  electrical 
appliances  are  more  economical  units. 

Comparisons. — If  it  is  assumed  that  19  cubic  feet  of  water  under 
a  pressure  of  750  lb.  to  the  square  inch  is  equal  to  one  b.h.p. 
hour,  then  it  may  be  concluded  for  the  sake  of  comparison  that, 
taking  a  basis  of  hoisting  coal  25  feet  before  it  can  be  tipped,  the 
hydrauUc  hoist  will  dump  4^  tons,  the  electric  hoist  5i  tons,  and 
the  belt-conveyor  7^  tons  per  b.h.p. 

It  may  be  stated  here  that  a  belt-conveyor  could  be  installed 
for  half  the  Cost  of  a  dumper,  and  the  former  unit  would  have  the 
advantage  of  being  easily  constructed  to  run  along  the  wharf  and 
load  into  all  hatches  without  the  necessity  of  moving  the  steamer. 
This  increases  the  mooring  capacity  of  a  wharf  nearly  50  per  cent, 
and  as  each  foot,  of  wall  represents  so  much  capital  invested  the 
consideration  is  a  very  important  one. 
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Wagon-dumpers  can,  of  course,  be  made  capable  of  propelling 
themselves  along  the  wharf,  but  the  cost  is  then  prohibitive 
compared  with  the  belt  system.  This  statement  implies  no 
inherent  objection  to  wagon-dumpers,  for  the  Author  has  installed 
one  of  the  largest  machines  of  the  latter  type.  But  the  fact  that 
the  N.E.  Railway  Company  scx-apped  a  double  hydraulic  hoist  at 
the  Victoria  Docks,  Hull,  and  replaced  them  by  two  belt-conveyors, 
leaves  no  doubt  which  type  of  loader  they  found  most  economical. 

Comparisons  between  home  and  foreign  coal  shipping  records  ai^e 
difficult.  In  this  country  the  small  end-tipping  type  of  wagon  is 
used  almost  exclusively,  whilst  large  side  tipping  -and  bottom 
dumping  wagons  find  more  favour  abroad.  Two  electrical  staiths 
in  Glasgow  are  reported  to  have  tipped  70,604  wagons  containing 
556,419  tons  of  coal  in  twelve  months.  This  gives  an  average  of 
7  •  88  tons  for  British  wagons. 

Two  electric  dumpers  on  the  American  Atlantic  seaboard 
claimed  the  worlds  record  in  loading  coal  by  dumping  930  wagons 
containing  45,500  tons  at  an  average  rate  of  1^  minutes  per  wagon. 
These  figures  give  an  average  of  nearly  49  tons  of  coal  per  wagon. 
The  rate  of  loading  implied,  namely,  1,677  tons  per  hour  for  each 
machine,  cannot  be  beaten  by  any  dumper  existing  in  this  country. 
Other  sensational  figures  have  been  published  from  time  to  time,  but 
twenty-four  years'  experience  installing  big  plant  has  made  the 
Author  suspicious  of  freak  conditions  assisting  these  wonderful 
performances.  In  an  engineering  court  of  inquiry,  the  number  of 
tons  loaded  in  a  year,  divided  by  the  number  of  hours  work  for 
which  the  opei'ators  have  been  paid,  would  be  considered  better 
evidence  than  stray  paragraphs  from  the  technical  Press.  The  best 
loading  figures  for  the  United  Kingdom  of  which  the  Author  is  aware 
is  4,000  tons  in  12^  hours  by  an  hydraulic  tip  at  a  South  Welsh  port. 

The  Author  found  the  larger  wagons  running  on  a  metre  gauge 
over  the  South  African  Railways  to  have  a  capacity  equal  to  35  tons 
of  coal  and  a  gross  weight  of  80  short  tons.  Here  lies  the  secret  of 
the  different  methods  of  tipping  the  contents,  for  while  it  is  easy 
to  tip  the  small  British  wagon  up  endwise  without  damage,  the 
greater  weight  of  foreign  wagons  if  thrown  on  one  pair  of  wheels 
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would  strain  the  horns,  and  axles,  and  perhaps  displace  the  springs. 
With  the  larger  type  of  wagon  mounted  on  two  sets  of  bogies,  end- 
tipping  is,  of  course,  out  of  the  question.  Our  American  friends 
might  remember  that  when  laughing  at  our  "  match  boxes  on 
wheels." 

Side- Tipping  Dumper. —  The  electric  wagon  dumper  installed  by 
the  Author  at  Durban,  Fig.  16,  Plate  6,  deals  with  75-ton  wagons 
or  two  smaller  wagons  aggregating  not  more  than  that  amount. 
The  dumper  is  designed  for  hoisting  and  dumping  1,000  tons  of 
coal  per  hour  as  a  maximum.  But  in  actual  practice,  short  bursts 
at  the  rate  of  1,300  tons  per  hour  have  been  noted.  There  would 
be  no  difficulty  in  maintaining  an  average  of  800  tons  per  hour. 

The  total  labour  force  employed  on  the  machine  is  four  persons, 
namely,  one  operator  who  controls  the  master  switches  in  a  house 
placed  high  enough  to  give  him  a  complete  view  of  all  the  operations, 
one  driver  watching  the  hoists  and  automatic  electrical  contactors, 
one  greaser  in  the  engine  rooms  and  one  man  who  watches  the 
"  mule  "  or  mechanical  shunter  and  applies  the  brakes  if  for  any 
reason  the  "  mule  "  fails  to  follow  and  overtake  the  wagon  ascending 
the  incline.  Four  men  to  dump  1,000  tons  of  coal  per  hour/  It 
would  require  more  than  that  number  of  timekeepers  to  check  up 
sufficient  men  to  move  that  amount  in  a  day  by  manual  labour. 

The  dumper  consists  essentially  of  a  rectangular  framework 
which  supports  a  cradle  capable  of  holding  an  80-ton  wagon  whilst 
rotating  it  through  an  arc  of  150°  and  discharging  the  contents  over 
the  side  without  the  necessity  of  opening  any  doors.  When  the 
wagon  has  rotated  to  a  position  where  the  coal  begins  to  run,  the 
side  coincides  with  a  large  steel  apron  which  is  carried  the  full 
length  of  the  dumper,  so  that  the  coal  slides  from  the  wagon  without 
any  fall  to  cause  breakage.  This  apron  has  a  holding  capacity  of 
140  tons  which  equals  the  contents  of  four  wagons,  and  so  serves  as 
a  reservoir  between  the  intervals  of  tipping.  It  narrows  towards 
its  lower  end  and  concentrates  the  sliding  coal  towards  the  apex, 
where  the  mineral  passes  through  a  narrow  shute  in  a  constant 
stream  of  manageable  proportion.     Large  rounded  cobs  of  coal  with 
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a  tendency  to  run  wild  from  the  wagon  are  brought  to  heel  by  a 
special  baffle-plate  placed  for  that  purpose. 

When  the  loaded  wagon  is  pushed  to  its  proper  position  on  the 
dumping-cradle,  it  is  clamped  and  held  to  the  side  of  the  same 
automatically,  before  hoisting  and  rotation  commence,  by  a  series  of 
counterweights  working  in  guides  which  form  part  of  the  dumper 
framework.  These  weights  also  serve  nearly  to  balance  the  weight 
of  the  cradle  when  empty. 

Operating  the  Dumper.— The  operation  of  working  the  dumper 
is  simple  in  the  extreme,  for  the  movements  of  securing  the  wagon 
to  the  cradle,  hoisting  and  rotating  them  both  until  the  coal  is 
discharged,  then  lowering  the  empty  wagon  and  unclasping  it  from 
the  cradle,  is  started,  accellerated,  decellerated,  limited  and  stopped 
by  electrical  device,  the  driver  having  only  to  move  a  master-switch 
to  set  going  the  cycle  of  operations. 

The  two  hoisting  drums  are  driven  by  two  continuous  current 
motors  of  150  b.h.p.,  each  working  at  500  volts,  and  being 
interconnected  through  gearing  to  act  as  one  unit  giving  a 
maximum  I'ope-speed  of  100  feet  per  minute. 

These  motors  have  to  handle  high  peak-loads  and  a  constantly 
varying  demand  for  power,  and  also  serve  as  dynamic  brakes  during 
the  lowering  of  the  empty  wagon.  Wide  speed  variations  and 
absolute  safety  and  control  are  necessary  if  the  current  should 
fail  at  any  moment  during  operations.  This  safety  is  secured  by 
powerful  solenoid  brakes  capable  of  holding  the  load  on  the  instant 
in  any  position  it  may  be  when  the  current  fails.  "  Fool  proof  " 
devices  are  fitted  to  all  terminal  points.  The  rapidity  of  the 
automatic  electrical  movements  allows  a  cycle  of  operations  to  be 
completed  in  a  little  less  than  two  minutes. 

The  loaded  wagons  are  delivered  to  the  dumper  from  a  gravity 
grid  storage  yard,  whence  they  are  released  at  the  proper  intervals 
by  lifting  the  brakes.  The  gradient  increases  after  passing  the 
points  at  the  neck,  and  the  wagons  gain  sufficient  momentum  to 
climb  some  disttince  up  the  inclined  track  which  forms  the  dumper 
approach. 
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At  the  foot  of  this  incline  the  running  wagon  passes  over  a  pit 
which  is  the  "  stable "  where  the  "  mule  "  or  mechanical  shunter 
stsiys  when  at  rest.  After  the  wagon  has  passed  over  the  pit,  the 
mule  emerges  behind  the  wagon  and  runs  along  a  narrow  gauge 
placed  between  the  main  track,  until  it  overtakes  the  wagon  before 
it  comes  to  rest  on  the  incline ;  and  it  completes  the  journey  by 
pushing  the  wagon  before  it  until  the  proper  position  on  the  cradle 
is  reached.  The  same  action  serves  to  push  the  empty  wagon  oft' 
the  cradle  and  start  it  down  the  opposite  incline,  where  it  runs  by 
the  acquired  velocity  to  the  grids  where  trains  of  empty  trucks  are 
made  up. 

The  arrival  of  the  loaded  wagon  at  the  spot  desired  on  the 
cradle  opera,tes  mechanism  which  automatically  chocks  the  wheels 
in  this  position,  and  then  releases  the  mule  by  disengaging  a  friction- 
clutch  on  the  haulage  di'um,  which  action  allows  the  mechanical 
shunter  to  be  drawn  rapidly  back  to  its  stable  by  counterweights 
acting  on  a  tail  rope. 

The  "  mule  "  haulage  drum  is  fixed  in  the  dumper  engine-house 
under  the  cradle,  and  it  is  driven  by  a  150  b.h.p.  motor  similar  to 
the  two  previously  described.  The  haulage  rope  passes  from  the 
drum  and  around  bend  sheaves  leading  to  a  line  of  rollers  fixed 
between  the  "  mule  "  track.  The  shock  of  contact  between  wagon 
and  mule  is  absorbed  by  a  specially  designed  spring  head. 

The  total  weight  of  the  structure  and  machinery  of  the 
dumper  is  260  tons  and  the  cost,  including  erection,  but  excluding 
foundations,  was  a  little  over  £20,000, 

Grab  Tkansporters. 

The  erection  in  1901  of  the  first  electrically  driven  travelling 
bridge  transporter,  designed  for  grabbing  mineral  from  the  holds  of 
ocean  steamers,  marks  the  greatest  improvement  to  date  in  the 
methods  of  unloading  that  class  of  material  in  bulk. 

Whether  further  improvement  will  advance  along  the  same 
lines  as,  for  instance,  the  possibility  of  running  a  number  of  grabs 
in  procession  round  an  elliptical  track  or  whether  it  will  come  from 
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a  different  direction  altogether  remains  to  be  seen.  Suffice  it  to 
say,  that  the  unloading  of  cargo  in  bulk  will  never  equal  the  loading 
speed  unless  boats  are  built  with  a  system  of  belt-conveyors  as  part 
of  their  internal  economy.  The  experiment  has  been  tried,*  but  it 
was  in  advance  of  its  time  and  foredoomed  to  failure  by  the  people 
who  had  its  success  most  at  heart. 

Assuming  that  the  loss  of  cargo  space  outweighs  the  advantage 
of  rapid  discharge  by  belt- conveyor,  then  the  transporter-grab 
system  will  grow  in  capacity,  size,  and  utility. 

Types. — At   present   there   is  competition   between  two  types, 
namely,  the  rope  haulage  system  whereithe  grab  is  operated  by  ropes 
driven  from  a  fixed  hoist,  Fig.   2,  Plate  3,  and  the  rival  system 
where  the   driver  and   hoisting  machinery  travel  with  the  grab. 
The  latter  will  probably  triumph  in  spite  of  the  higher  cost,  because 
the  driver  has  at  all  times  a  complete  view  of  the  operations,  and 
it  is  possible  to  arrange  for  more  than  one  grab  on  the  transporter. 
The  finest  examples  of  the  latter  type,  using  single  grabs,  are — 
as  far  as  the  Author's  own  experience  goes — the  four  transporters 
built  to   the   order   of    the  British  Admiralty,   Fig.    1,   Plate   3. 
These   machines    weigh    about    300   tons  each;   they   are   nearly 
400  feet  long  and    travel  along  double  sets  of  rails  whose  gauge 
is    220   feet.     They   can   grab   coal   from    colliers   and    deliver    it 
direct   to   the   battleship    or   unload    it    into   a   storage    yard    of 
100,000   tons  capacity.     These   transporters   are   probably  unique 
in  the  fact  that  they  negotiate  a  curved  track,  and  work  along  a 
wall  built  at  an  angle  with  the  apex  .about  midway  of  its  length. 
The  rate  of  unloading  is  100  tons  of  coal  per  hour  for  each  machine. 

Han-  Yeh-Ping  Transporter. — The  Author  has  recently  installed 
in  China  a  transporter  whose  two  grabs  and  attendant  machinery 
make  a  moving  load  of  nearly  100  tons,  Fig.  17,  Plate  7.  "When 
it  is  considered  that  this  load  works  on  the  end  of  a  cantilever- 
arm  nearly  150  feet  length  and  that  the  structure  has  to  stand  also 

*  S.S.  •'  Pallion." 
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the  shocks  due  to  grabbing  10-ton  loads  at  high  speeds,  then  some 
idea  may  be  formed  of  the  size  to  which  this  class  of  machine  is 
growing.* 

The  transporter  under  review  is  designed  for  grabbing  iron  and 
manganese  ore,  limestone,  coal  and  coke  from  the  ship's  hold  and 
delivering  it  through  storage  bunkers,  Fig.  19,  Plate  7,  to  four 
blast-furnaces.  The  machine  is  equal  in  size  to  anything  existing 
of  its  type,  and  the  requirements,  due  to  the  rise  and  fall  of  the 
Yangtzse  of  over  45  feet,  are  unusually  exacting. 

When  the  river  is  at  low  level  about  230  feet  of  foreshore 
is  disclosed,  so  the  site  had  to  be  piled  and  the  foundations 
carried  to  4  feet  above  high  water  level  in  such  a  manner  that 
the  front  wall  is  now  within  130  feet  of  water,  deep  enough  to 
float  the  crafb  in  use  when  the  level  of  the  Yangtzse  is  at  zero. 
The  distance  of  130  feet  is  spanned  by  the  two  cantilever-arms  of 
the  transporter  which  has  an  overlay  of  nearly  150  feet  from  the 
face  of  the  wall.  The  top  of  the  four  main  columns  which  carry  the 
girders  at  the  centre  are  137  feet  and  the  bottom  boom  of  the 
cantilevers  100  feet  above  low-water  level.  Fig.  20,  Plate  7.  The 
four  bridge-girders  are  37  feet  deep  at  the  centre  and  282  feet  long. 
The  weight  of  the  structure  is  530  tons  and  the  total  weight  of 
the  machine  680  tons.  The  empty  grabs  weigh  7  tons  each,  and  the 
combined  force  of  the  six  electric  motors  employed  is  500  b.h.p. 

Description  of  Structure. — The  transporter  is  constructed  with 
two  separate  bridges,  50  feet  centres  apart,  connected  by  wind 
bracing  to  act  as  one  structural  unit  of  great  stability  against  wind 
pressure.  Figs.  21  and  22,  Plate  8. 

The  maximum  load  on  the  wall  is  about  800  tons,  namely,  200 
tons  nearly  on  each  main  column.  This  wall  is  a  substantial 
concrete-backed  and  stone-faced  structure,  but,  as  it  is  founded  on 
the  Yangtzse  mud,  considerable  piling  and  griUage  work  was 
necessary  to  ensure  stability.     The  river  bank  in  the  vicinity  was 

*  For  Electrical  and  other  detail  of  this  Transporter,  see  article  by  the 
Author  in  TJie  Electrician,  31  Dec.  1920. 
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afterwards  pitched  with  slag  to  prevent  erosion.  The  Author  made 
a  minute  examination  of  the  work  after  the  first  floods  had  subsided, 
and  so  far  as  could  be  seen,  the  precautions  taken  are  all  that  is 
necessary.  The  levels  of  all  the  column  bases  were  carefully 
checked  also  without  finding  any  settlement. 

Each  transporter-bridge  is  fitted  with  an  underhung  and 
revolving  crane  which  travels  with,  and  operates,  a  grab  weighing 
7  tons  when  empty,  and  11  tons  when  full,  Fig.  23,  Plate  8. 
The  weight  of  the  hoisting,  slewing  and  travelling  mechanism,  is 
nearly  38  tons  each  side,  or  when  adding  the  two  loaded  grabs, 
about  98  tons  altogether.  As  the  grab  and  hoisting  machinery  are 
underhung  from  the  travelling  carriage,  the  former  can  slew  round 
360°,  so  that  the  two  grabs  working  in  co-operation  can  cover  the 
whole  area  of  a  hatchway  60  feet  long  without  moving  the  vessel. 
On  smaller  craft  the  grabs  can  work  two  hatches  simultaneously. 

The  underhung  portion  is  supported  from  the  carriage  by  ball- 
bearings mounted  on  double  trunnions  designed  to  ensure  that  the 
weight  is  equally  distributed  over  the  four  travelling  wheels  under 
all  conditions  of  grabbing. 

The  hoisting,  slewing  and  travelling  machinery  is  driven  by 
separate  motors,  and  all  three  motions  are  controlled  by  one  man 
who  travels  with  the  grab. 

The  power  required  is  generated  by  a  turbo-alternator  and 
boilers  gas-fired  from  the  blast-furnaces.  A  rotary  converter  on 
the  transporter  site  reduces  the  high-tension  alternating  current  to 
440  volts  D.C. 

The  total  cost  of  the  plant  was  a  little  over  £40,000,  which 
means  an  overhead  charge  of  threepence  per  ton  for  capital  and 
depreciation  costs  on  the  proved  capacity  of  the  plant  working 
day-time  shifts  only.  By  working  three  shifts  of  eight  hours  each, 
and  cutting  out  the  meal  stoppages,  the  charge  per  ton  could  be 
considerably  reduced. 

Chinese  Steel. — The  Author  is  often  asked  how  the  steel  produced 
by  these  Chinese  works  compares  with  the  European  product,  so  the 
following  particulars  may  be  of  interest.     Owing  to  conditions  of 
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war,  the  75,000  field  rivets  required  for  the  erection  of  the 
transporter  had  to  be  obtained  out  of  England.  Ingots  were 
chosen  from  Hanyang  Steel  Works,  heat  No.  6,028,  the  chemical 
an.alysis  of  which  gave  the  following  results : — 


Carbon        .... 

Per  cent 
.     0-15 

Silica  ..... 

.     0-03 

Manganese 

.     0-50 

Phosphorus 

.     0-03 

Sulphur       .... 

,     0-048 

After  the  rivet  bars  had  been  rolled,  the  static  tests  were  carried 
out  by  the  Author  on  a  HO-ton  "  Buckton  "  machine  with  results  as 
follows : — 


Description. 

Test  No.  1. 
0-873 

Test  No.  2. 
0-877 

Diameter  of  Bar 

Inches 

Area  of  Bar 

sq.  inch 

0-r.oo 

0-G05 

Distance  between  RFarks    . 

Inches 

7 

7 

Ear  Broke  at     . 

Tons 

15-Gl 

15-905 

Ultimate  Breaking  Strain  in 
i      Inch      .... 

Tons  per  sq.) 
.  Tons/ 

2G-1 

2G-4 

Ultimate  Breaking  Strain  in 
1      Inch      .... 

Lb.  per  sq.\ 
.    Lb.) 

58,500 

59,100 

Elongation 

.    Per  cent. 

31-7 

32-7 

The  nature  of  the  fracture  was  cupped,  homogeneous  and  silky, 


The  Paper  is  illustrated  by  Plates  3-8,  2  Figs,  in  the  letterpress, 
and  is  accompanied  by  an  Appendix. 
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APPENDIX. 
Belt- Conveyors. 

Formula. 
Where : — 

A        equals  Approximate  life  of  belt,  in  tons,  conveyed 

B  ,,      Cross  section  of  load  in  square  feet. 

C  ,,       Cubic  feet  (maximum)  conveyed  per  hour. 

C  „  „        „      (average)  „  „       „ 

D  ,,      Least  diameter  of  driving  pulley  in  inches. 

H  ,,       Height  the  load  is  elevated  in  inches. 

L  ,,      Length  of  conveyor  in  feet. 

P  „      Isumber  of  plys  of  cotton  duck  in  belt. 

R  ,,      Radius  of  curvature  of  belt  in  inches. 

S      .       ,,      Speed  of  belt  in  feet  per  minute. 

T  ,,      ^"ons  (maximum)  conveyed  per  hour, 

t  „  „      (average)  „  „      „ 

W  ,,       Width  of  belt  in  inches, 

Y  „      Specific  gravity  of  material  conveyed  multiplied  by  3C. 

Z  ,,  ,,  „        „        „  ,,  „  „    constant. 

II. P.      „       Brake  Horse-Power  required  for  horizontal  conveyors. 

H.P.'     „  „  ,,  „  ,,  „      inclined  ,, 

*H.P."    ,,       I\Iaximum  B.II.P.  allowable  for  given  width  of  belt  and  singh' 

pulley  drive, 
*n.P."'  ,,      ^raximum  B.H.P.  allowable  for  given  width  of  belt  and  tandem- 
puUey  drive. 

Constants  for  Z. 

.^G  For  washed  nut  coal  and  sharp  dry  sands. 

33  ,,  Unsized  coal  containing  no  large  lumps. 

31  ,,  „     Rock  „  „       „        „ 

30  ,,  ,,     Coal  with  lump  and  small  in  equal  volume. 

28  „     Rock     „       „        „        „      „       „ 

2G  ,,    Coal  containing  nearly  all  lumps. 

24  „    Rock        „  „        „        „ 

24  ,,    Coal  all  lump. 

22  „    Bock  „       „ 


*  H.P."  and  H.P.'"  govern  the  maximum  length  of  any  conveyor  as  a 
separate  unit. 
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No.  1.  ^  ^  \V^  S 

86,000 


o  _  80,000  T         ^  _         /  86,000  T  y  ^  86,000  T. 

■  W-  Y  V        Y  S    '  W-S 

Example:  How  many  tons  of  coal  {specific  gravity  1'5)  can  be  conveyed 
(maximum)  per  hour  by  a  belt  24  inches  wide  running  at  a  speed  of  300  feet 

per  minute  ? 

^  ^  570  X  1-5  X  36  X  300  ^  ^^g  ^^^^         ^^^^_ 
86,000  ^ 

No.  2.  ,  ^  WVZ  S 

86,000 

q  _  86,000  t         TV  _         /  86,000^  7  _  86.000  T 

•■•      ~  ~W^  V    ~ZS^  W* S 

Example  :  How  many  tons  of  lump  coal  can  be  conveyed  (on  the  average, 
per  hour  by  a  belt  48  inches  wide  running  at  500  feet  per  minute  ? 

^  ^  2304  X  1-5  X  24  X  500  ^  ^gg  ^^^^         ^^^^^^ 
80,000  ^ 

i^o.  3.  H  P   =  ^^^  ^-+  ^^  '^^  ^ 

"  280,000 

.    ^  ^  280,000  H.P. 
W  S  +  22  T  " 

Example:  What  Brake  Horse-Power  will  be  required  to  drive  a  belt 
24  inches  wide  ninning  at  300  feet  per  minute  and  conveying  108  tons  of 
coal  per  hour  over  a  distance  of  100  feet  ? 

H  P    =  (^i^  ^^  +  22x  108)  X  100  ^  3.49  g  jj  p 
■    ■  280,000 

No.  4..  H  P  '  =  (W  S  +  22  T)  L  +  (30  H  T) 

■    ■  280,000 

Example :  What  Brake  Horse-Power  wiU  be  required  to  drive  a  belt- 
conveyor  48  inches  wide  and  191  feet  in  length  when  raising  large  lump  coal 
to  a  height  of  60  feet  (about  20°)  at  an  average  rate  of  482  tons  per  hour? 
The  speed  of  the  belt  to  be  500  feet  per  minute  ? 

H  P  '  =  (48  X  500  -<-  22  X  723*)  X  191  -f  (30  x  720  x  723*)  ^  85  B  H  P 
■    ■   ~  280,000 

*  Note  :  In  aU  cases  the  Horse-Power  must  be  reckoned  on  the  maximdm 
and  not  on  the  average  capacity  of  the  conveyor.  This  amount  of  power  will 
only  be  called  for  when  the  belt  is  carrying  maximum  load  or  starting  a 
.loaded  belt  up  from  rest.  The  average  power  consumed  will,  of  course, 
agree  with  the  average  of  the  load  carried. 
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No.  5.  H  P  "  =  ^^-'^L^ 

53,000   ' 

•    W  =:  53,000  H.P."  p  _  53,000  H.P."  g  ^  53,000  H.P.     • 

*  30  S  P  30  W  S  30  W  P  '  ' 

Example:  What  is  the  maximum  B.H.P.  which  may  be  exerted  on  an 
8-ply  belt  48  inches  wide  running  at  a  speed  of  500  feet  per  minute  with  a 
single-T^ulley  drive  ? 

H  P  "  =  30  X  48  X  500  X  8  _  io9  B  H  P 
■    *  53,000 

No.  6.  TT  p  „,  ^  30  W  S  P 

■    ■  43,000    ■ 

.  vv  -  *^'^°  ^^■"'        p  =  *^'°^  ^■^•"'        S  =  ^^'^^  ^•^"' 

30  SP  SOWS  30WP    "' 


Exaniple :  Same  as  example  No.  5,  but  with  tandem  pulley  drive. 

48  x^ 
43,000 


jj  p  ,„  _  30  X  48  X  500  x  8  _  134  j3  h  P. 


No.  7.  C  :=  W-  S  X  0-02G. 


•■  '•'  =  s/s-A 


S  = 


02592  W-  X  0-02592 


Fxavq^le :  What  is  the  maximum  load  in  cubic  feet  per  hour  that  can  be 
carried  by  a  belt  24  inches  wide  and  running  at  a  speed  of  300  feet  per 
minute  ?    N.B. — The  volume  includes  the  voids, 

C  =  576  X  300  X  0-02592  =  4479  cubic  feet. 

No.S.  c  =  \\-  S  X  O'OIS. 

•''  ^  ^  V   S  X  0-0173         ^  "  \V="x  0^0173 

Example :  What  is  the  average  load  in  cubic  feet  per  hour  carried  by  a 
belt  48  inches  wide  and  running  at  a  speed  of  500  feet  per  minute  when 
working  on  large  lump  coal  ? 

c  =  2304  X  500  X  0-0173  =  19,930  cubic  feet. 

Note:    In   examples   Nos.  7   and   8   the   constants  0*02592  and  0-0173 
represent  the  two   extremes   of   C   and  c.     Intermediate   constants   to   suit 
the  class  of  material  to   be   conveyed   may   be   arrived  at   by  the   formula 
Constants  for  Z  x  0-02592 
3G  * 


JaS'.  1921.  aKr«A??lCAL  tiUDiNu   oF  sHlFS.  105 

^^''■^-  B=,^        and  ' 

'60  S  tiO  S 

.-.  S  =  ^^^1±        and         C  or  c  =  GO  S  B. 
B  X  60 

Example  :  What  will  be  the  sectional  area — in  square  feet— of  the  load  on 
a  belt  48  inches  wide  when  loading  large  lump  coal  (see  example  No.  8)  at  a 
speed  of  500  feet  per  minute  ? 

B  =    A^-'??^  =  0-66  square  foot. 
60  X  500  ^ 

No.  10,  R  =  "^ 

1-3" 

Example  :  What  radius  of  trough  would  be  advisable  on  a  conveyor-belt 
48  inches  wide  ? 

R  =  ~  =  37  inches  radius. 
1-3 

No.  11.  A  =^  567  W^ 

Example  :  What  should  bo  the  average  life  (expressed  in  tons  conveyed) 
of  a  conveyor-belt  48  inches  wide  ? 

A  =  567  X  2304  =  1,306,368  tons. 

Similarly,  the  life  of  a  24-inch  belt  would  be  326,59ii  tons. 

A'o.  12.  D  =  ^^  +  ^ 

2 

Example  :  What  should  be  the  least  diameter  of  the  driving  pulley  for  a 
6-ply  belt  24  inches  wide  ? 

J)  ^  6  X  6  -f  24  _  gQ  inches  diameter. 

2 

A  table  of  data  worked  from  the  foregoing  formula  is  given  at  the  end  for 
handy  reference. 

Bucket-Conveyors. 

For  calculating  the  Brake  Horse-Power  required  by  bucket-conveyors  the 
following  formula — which  the  Author  has  tested  by  actual  experience  to  be  a 
sufficiently  reliable  guide  to  any  but  those  requiring'more  expert  knowledge 
— may  be  useful. 


B.H.P.=     Q^KIOj^^     +B. 
I  33,000  j 
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Where : — 

L  equals  Total  length  of  chain  on  rail. 

y        ,,       Speed  of  chain  iu  feet  per  minute. 

X        ,,       Average  weight  in  lb.  per  foot-run  of  chain,  including  buckets  and 

load. 
V        „       11  for  6-inch  wheels;  10  for  5-inch  wheels  ;  9  for  4-inch  wheels. 
H       ,,      Height  in  feet  the  load  is  elevated. 
W       ,,      The  weight  in  lb.  elevated  per  minute. 
B        ,,      Number  of  pairs  of  bend  wheels  used,  including  tumblers. 

B 
Note  :  Some  discrimination  is  necessary  with  B.     In  small  plants  +  -, 

would  be  more  correct.     In  large  plants  +  2  B  would  be  better. 

Example :  What  Brake  Horse-Power  would  be  required  to  drive  a  chain  of 
buckets  620  feet  (total  length  of  chain)  for  elevating  40  tons  of  coal  per  hour 
to  a  height  of  60  feet.  The  bucket  chain  to  be  fitted  with  5-inch  trod 
wheels,  to  run  at  a  speed  of  40  feet  per  minute  and  discharge  the  coal  into 
bunkers  at  any  point  under  the  top  portion  of  the  chain.  Assume  the  weight 
of  chain  and  buckets  to  be  84  lb.  per  foot  and  the  load  equal  to  36  lb. 
per  foot  of  chain.  Four  sets  of  bend  wheels  required  besides  the  driving 
tumblers  ? 

.-.  B.H.P.  =  j[^*  ><  ^0  X  (\?)]  +  (^0  X  1440))  ^  3  ^  U-9B.H.P. 

(  33,000  J 

•  NoTK  :  It  will  be  noticed  that  although  the  chain  has  a  total  length  of 
20  feet,  yet  only  500  feet  is  supported  by  rails. 

Akrial  Kopkways. 

For  calculating  the  h.p.  required  to  drive  an  Aerial  Ropeway  the 
Author  gives  the  empirical  formula  which  follows.  It  has  been  devised 
from  actual  practice,  but  must  be  used  with  caution  because  so  many 
complications  are  likely  to  occur  on  different  sites. 


H.P. 


=  [Qs]±(HW) 


33,000 
Where : 

W  equals  Weight  of  mineral  in  pounds  on  ropeway. 

S        „       Speed  of  buckets  in  feet  per  minute. 

H       ,,       Height  in  feet  raised  (or  lowered)  per  minute. 

Example : — 

What  h.p.  will  drive  an  aerial  ropeway  24,000  feet  between  terminals, 
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The  ropeway  to  transport  40  tons  per  hour  when  travelling  at  400  feet  per 
minute.     Assume  a  total  fall  of  480  feet  ? 

.  „  p   _  (1,494  X  400)  -  (8  X  89,600)   ^  _  3.5  H  P 
■  ■         ■  ~  33,000 

In  other  words,  the  ropeway  when  fully  loaded  has  a  surplus  of  3'0  h.p. 
after  moving  its  own  load  by  gravity. 

But  it  will  be  necessary  at  times  to  work  the  ropeway  without  load. 
This  would  be  the  case  when  starting  up  a  new  plant  and  after  repairs,  and 
these  contingencies  have  to  be  considered  when  designing  the  drive.  The 
power  required  in  this  case  is  obtained  from  the  first  part  of  the  formula 
namely : — 

/W\  „         / 89,640  \    ^„^ 

(e-ojs      (so)  ^00 

H.p.  =      —  -    = =  18  H.P. 

33,000  33,000 

It  should  be  noted  that  the  formula  given  is  for  buckets  running  on  ball- 
bearing carriages.  With  plain  ])earings  considerably  more  power  would  be 
required. 
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Discussion  in  London,  21st  January  1921. 

Mr.  F.  T.  Parker,  in  the  absence  of  the  Author,  introduced 
the  Paper.  He  regretted  that  the  Author  was  not  present,  because 
there  were  points  in  the  Paper  and  in  the  Appendix  with  which  he 
was  not  in  accord,  of  which  the  Author  was  aware.  The  opinions 
expressed  were  based  upon  the  Author's  experience  without  reference 
to  or  collaboration  with  any  parties  whatsoever.  Some  Members 
present  might  take  exception  to  some  of  the  statements.  Business 
unfortunately  interfered  with  his  being  able  to  discuss  the  Paper 
fully  with  the  Author,  but  he  was  familiar  with  some  of  the  plants, 
although  not  those  described. 

Mr.  Parker  exhibited  a  series  of  slides  illustrating  the  Paper. 

The  President  proposed  a  vote  of  thanks  to  the  Author  for  his 
valuable  contribution.  The  life  work  of  the  Author  had  been  on 
the  subject,  which  had  not  been  before  the  Institution  since  1906, 
He  would  point  out  that  the  Paper  dealt  only  with  the  loading  of 
ships,  and  a  complementary  subject  was  the  unloading  of  ships,  on 
which  steps  had  been  taken  to  obtain  a  Paper. 

Mr.  A.  BiNNS  regretted  that  the  Author  was  unable  to  be 
present  at  the  Meeting.  He  had  said  a  good  many  things  in  the 
Paper  which  perhaps  scarcely  came  legitimately  within  the  scope 
of  the  title  ;  and  certainly  there  were  many  things  which  did  come 
within  the  scope  of  the  title  that  were  not  said  in  the  Paper.  That 
was  all  to  the  good,  because  it  gave  an  opportunity  of  introducing 
matter  not  explicitly  referred  to  in  the  Paper.  The  Author  dealt 
exclusively  Avith  the  loiiding  and  unloading  ot  bulk  ma(.erial.s. 
That  of  course  was  an  exceedingly  important  subject,  bu(.  a 
comparatively  small  section  of  the  total  work  of  loading  and 
unloading  ships.  As  a  dock  engineer  he  (the  speaker)  was  interested 
in  the  mechanical  loading  and  unloading  of  ships  from  the  widest 
point  of  view. 
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On  the  first  three  pages  of  the  Paper  the  Author  remarked  on 
the  economic  aspect  of  the  question  of  labour-saving  ajjpliances, 
and  the  way  in  which  they  could  be  used  to  reduce  the  ultimate 
cost  of  commodities  to  the  community,  and  that  was  what  engineers 
were  aiming  at  in  all  their  work.  The  war,  of  course,  transformed 
industry.  Eates  of  pay  had  increased  enormously,  hours  were 
shortened,  and  overtime  was  worked  only  at  very  extravagant 
rates,  and  all  these  factors  tended  to  reduce  the  efficiency  of  the 
terminal  faciUties  in  the  ports.  He  had  heard  expert  evidence  to 
the  efEect  that  quay  accommodation  to-day  was  20  per  cent  less 
efficient  than  it  was  in  pre-war  days,  which  naturally  tended  to 
increase  congestion  all  round.  The  dock  on  which  he  was  engaged 
was  in  course  of  construction,  and  would  cost  over  £4,000,000; 
the  cost  of  its  mechanical  equipment  for  handling  cargo  would 
certainly  not  be  more  than  10  per  cent  of  that  figure,  and  he  felt 
— and  that  was  the  real  point  that  he  wanted  to  make — that  in 
considering  the  question  of  the  adoption  of  labour-saving  appliances, 
one  very  often  took  far  too  ^narrow  a  view.  For  example,  the 
source  of  revenue  of  a  dock  company  was  almost  entirely  from 
dock  dues  or  river  dues  or  dues  on  goods,  and  to  a  very  small  extent 
indeed  was  the  revenue  derived  from  direct  charges  made  for  the 
use  of  special  plant ;  but  if  the  use  of  that  special  plant  would 
increase  the  tonnage  turnover  on  the  whole  fabric  for  twelve  months 
and  therefore  give  increased  tonnage  dues,  obviously  the  very  small 
expenditure  on  that  special  plant  might  be  justified,  although  the 
direct  charges  might  be  altogether  unremuncrative.  He  was 
exceedingly  interested  in  the  practical  information  given  in  tlie 
Paper,  in  the  empirical  formulae,  and  especially  in  the  notes  with 
regard  to  conveyor-belts.  He  had  had  difficulty  himself  in  writing 
a  satisfactory  specification  for  conveyor-belts  and  an  equal  difficulty 
in  making  a  satisfactory  comparison  of  tenders. 

With  regard  to  the  handling  of  general  cargoes,  the  most 
universal  appliance — and  a  wonderful  appliance — was  the  ordinary 
ship's  winch  and  derrick,  and  he  supposed  it  did  more  work  than 
all  the  expensive  pieces  of  plant  put  together.  Those  who  watched, 
from  day  to  day,  the  expert  way  in  which  stevedores  could  handle 
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ships'  winches  and  derricks,  and  could  load  and  unload  cargo,  were 

filled  with  adrairation.     He  was  afraid  at  times  they  had  served 

as  a  deterrent  in  keeping  dock  companies  and  other  authorities 

from  providing  more  up-to-date  plant  on  the  quay.     With  regard 

to  conveyors,  their  use  for  general  cargo  was  an  exceedingly  difi&cult 

subject.     In  his  opinion  it  could  be  only  hoped  to  apply  conveyors 

for    general    cargo    where    packages    of    something    Uke    uniform 

dimensions  and  weights  were  being  dealt  with — that  was  to  say,  in 

connexion  with  ships  working  on  a  particular  trade.     Such  appUances 

niiofht  be  adopted  for  the  tea  trade  or  the  meat  trade.     The  Port 

of  London  Authority  recently  constructed  at  the  Eoyal  Albert 

Dock  a  fine  up-to-date  cold  store  which  had  cost  over  £400,000, 

and  the  cost  of  the  handling  appliances  in  that  case  amounted  to 

something  like  10  per  cent  of  that  figure.     These  conveyors  took  the 

meat  from  the  deck  of  the  ship  and  placed  it  in  the  cold  sorting 

floor,  where  longitudinal  conveyors  transported  it  a  thousand  feet ; 

portable  conveyors  then  took  it  off  and  distributed  it  to  the  various 

stowages  according  to  marks,  or  across  to  incUned  conveyors  which 

took  it  up  to  the  cold  store  proper,  where  distribution  was  done 

by  internal  and  external  lifts.     There  were  also  lowerers  in  the 

cold-sorting  floor  for  dealing  with  cargo  going  either  to  craft  or  to 

road  or  to  rail.     That  was  a  conspicuous  example  in  which  it  was 

possible  to  discharge,  from  one  hatch  with  one  machine,  carcases  at 

a  rate  of  about  1,400  per  hour  with  a  considerable  reduction  in  the 

working  costs. 

With  regard  to  quay  cranes,  the  new  dock  to  which  he  had 
referred  was  being  equipped  with  3-ton  electric  cranes  of  60  feet 
radius  and  70  feet  drift.  His  own  feeling  was  that  quay  cranes 
were  approaching  the  limiting  dimensions  for  which  they  were 
economical  and  practical,  and  he  felt  that  very  little  progress  had 
been  made  on  the  general  lines  of  the  design  of  quay  cranes  for  a 
century.  At  the  docks  they  had  been  adapted  to  all  sorts  of  power 
and  placed  on  pedestals  and  bogies,  but  the  crane  to-day  was  in 
essential  design  on  the  same  fines  as  one  hundred  years  ago. 
The  sets  hfted  by  ordinary  quay  cranes  averaged  about  a  couple  of 
tons,  and  the  moving  parts  when  slewing  weighed  20  or  30  tons. 
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Fig.  2i.—Bcant  siq^jioi-tcd  at  both  ends 
Sagging  under  its  own  Weight. 
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Fig.  25. — Boom  (Walker)  icith  Load  on  Cable. 
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Fig.  2&.—Boom  (Walker)  shoiuing  Method  of  Workmg. 
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Fig.  21.— Beam  supported  at  Centre,  Hog-hacUng  under  its  own 
Weight  and  Load  on  Cable. 
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Fig.  28.  -Boom  (Walker)  hinged  and  supported  at  Centre 
with  Ovcrslung  Cable. 
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Fig.  20.— Boom  (Walker)  slung  from  Ship's  Derricks 
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In  the  transporter  in  China  described  in  the  Paper,  there  was  a 
moving  load  of  100  tons  dealing  with  a  maximum  useful  load  of 
about  8  tons.  Those  considerations  had  prompted  a  colleague  of 
his,  Mr.  Walker,  to  devise  a  crane  which  was  described  in  The 

Fig.  30. — Proposed  Duplicate  Quay  Crane  ivith  Folding  Boom  (Walker). 


Engineer  of  24th  December  last,  and  he  would  show  one  or  two 
illustrations  in  connexion  with  it.  He  hoped  the  pictures  would 
stimulate  some  craue-makers  to  design  a  crane  of  a  different  class 
from  what  had  been  previously  used.  During  the  War  the  Port 
Authority  had  to  build  reinforced  concrete  sheds  and,  to  save  timber 
for  shuttering,  they  were  designed  with  premoulded  beams  which 

I  2 
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had  to  be  handled.  As  they  weighed  over  3  tons,  it  was  a  very 
difficult  thing  indeed  to  place  them  in  position  in  a  building  of 
120  feet  span  without  the  adoption  of  a  special  crane. 

(Mr.  Binns  exhibited  sUdes  showing  large  and  small  cranes, 
with  diagrams  ;  also  a  sUde  showing  the  appUcation  of  a  cable  way 
and  a  sketch  of  Mr.  Walker's  idea  of  the  quay  crane  with  the  boom 
suspended  from  a  tower  in  the  middle  and  working  from  the  shed  to 
ship  ;  some  of  these  are  reproduced  in  Figs.  24  to  30  (pages  113-5) 
and  Fig.  31,  Plate  9.) 

Continuing,  Mr.  Binns  said  one  point  he  wished  to  make  about 
the  girder  shown  in  Fig.  31,  Plate  9,  was  that  it  was  150  feet  long 
and  only  5  feet  deep,  and  was  carrying  a  load  of  3|  tons  in  the 
middle.  No  Telfcr  girder  could  do  it  with  anything  like  that  weight 
of  construction. 

The  Author  raised  the  old  question  of  hydraulic  v.  electric 
operation  in  connexion  with  the  various  machines  (page  93),  and 
gave  some  figures  of  relative  efficiencies.  He  still  believed  that 
hydraulic  and  electrical  power  had  each  its  own  field.  At  the  new 
dock  of  which  he  had  spoken,  hydraulic  power  was  used  for  lock- 
gates  and  sluices  and  swing  bridge,  and  electrical  jDower  for  the 
quay  cranes  and  the  bascule  bridge. 

The  Author  referred  to  four  types  of  plant,  namely,  the  aerial 
rope-way,  the  conveyor,  the  dumper,  and  the  grab  transporter, 
and  gave  various  figures  for  capital  costs,  capacities,  and,  in  some 
cases,  working  costs.  It  would  add  very  greatly  to  the  value  of 
the  Paper,  although  the  plants  were  not  comparable  with  each  other, 
if  the  Author  would  give  a  tabular  statement  of  the  figures. 

Mr.  C.  Kemble  Baldwin  (Member  of  the  American  Society  of 
^lechanical  Engineers)  said  it  was  a  great  pleasure  to  be  received 
by  the  Institution  as  a  Member  of  the  American  Society.  lie  had 
spent  about  twenty-five  years  in  the  manufacture  of  belt-conveyors 
so  there  were  a  few  points  he  would  like  to  mention.  The  Author 
complained  of  a  lack  of  data  with  regard  to  belt-conveyors.  There 
had  been  a  considerable  literature  on  that  subject  published  in  the 
United  States,  and  he  had  had  the  pleasure  of  reading  a  Paper  before 
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the  American  Society  of  Mechanical  Engineers  in  1908,  in  which  he 
presented  capacity  tables,  power  forniuloe,  and  so  forth,  and  those 
figures  had  been  reproduced  in  many  handbooks  ;  and  in  tlic  recent 
American  Mechanical  Engineers'  handbook,  edited  by  Professor 
Marks,  of  Harvard,  there  were  82  pages  of  data  on  hoisting  and 
conveying  machinery.  Over  52,000  copies  of  that  volume  had 
been  sold,  so  that  no  doubt  many  members  of  the  Institution  had 
copies.     Possibly  the  Author  had  not  seen  it, 

The  Author  mentioned  (page  82)  a  belt-conveyor  30  inches  wide, 
of  8-ply  cotton  duck,  faced  and  filled  with  rubber,  and  in  the 
Table  (pages  108-9)  he  gave  the  maximum  length  for  horizontal 
conveyors  loading  coal,  tandem-pulley  drive,  for  a  24-inch  conveyor, 
as  1,143  feet,  that  being  based  on  an  8-ply  belt,  and  on  a  60-inch 
belt  a  maximum  length  of  860  feet.  In  practice  those  figures  would 
be  reversed,  as  the  wider  belt  could  be  built  in  much  longer  lengths 
than  the  narrow  one.  The  Author  had  not  taken  into  consideration 
the  fact  that  a  24-inch  belt,  8-ply,  would  not  trough,  that  the 
maximum  belt  which  would  trough  properly  was  about  6-  or  7-ply 
The  Author's  figure  of  maximum  length  being  based  on  an  8-ply 
belt  he  believed  was  incorrect.  As  a  matter  of  fact,  a  60-inch  belt 
handling  coal  could  be  built  up  to  1,500  to  2,000  feet.  There  were 
in  operation  at  Baltimore,  U.S.A.,  at  the  coal  loading  docks  of  the 
B.  &  0.  railroad,  four  conveyors  60  inches  wide,  1,000  feet  long, 
each  handling  2,000  tons  of  coal  from  the  cars  to  the  ships.  It  was 
possible  with  that  plant  to  load  four  shijDs  at  one  time  at  the  rate 
of  2,000  tons  per  hour.  That  was  by  no  means  the  maximum  length 
to  which  the  conveyors  could  be  built,  but  it  was  the  maximum 
length  the  job  called  for. 

In  the  matter  of  capacity,  the  Author  rather  limited  the  capacity 
for  coal  to  1,130  tons  for  a  60-inch  conveyor,  while  in  the  particular 
case  he  was  referring  to  they  were  handling  daily  2,000  tons.  He 
also  had  in  operation  a  single  conveyor  handling  crushed  stone  at 
the  maximum  rate  of  3,000  tons  per  hour  (average  about  2,000  tons 
per  hour),  lifting  the  material  about  60  feet  in  the  air  from  the 
bottom  of  the  crusher  to  the  screens.  That  plant  was  on  Lake 
Michigan,  where  a  metallurgical  stone  was  made  at  an  average  rate 
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of  2,000  tons  per  hour,  the  material  being  screened,  crushed,  washed 
and  put  into  open  storage  piles  and  reclaimed  from  those  piles 
through  concrete  tunnels  by  belt-conveyors,  three  tunnels  being 
under  each  pile.  The  capacity  of  the  conveyor  in  each  tunnel  was 
1,500  tons  per  hour,  ships  being  loaded  at  the  rate  of  4,500  tons  per 
hour.  From  that  plant  considerable  material  was  shipped  in  self- 
unloading  boats,  the  Company  having  three  boats  of  the  Lake  type 
carriers  with  engines  in  the  stern.  The  boats  were  550  feet  long 
and  had  a  capacity  of  11,500  tons.  The  conveying  machinery  was 
built  into  them,  so  that  they  would  unload  themselves  in  5|  hours, 
the  average  capacity  during  the  unloading  time  being  about  2,000 
tons.  Those  ships  were  built  for  the  purpose  of  supplying  plants  on 
the  Great  Lakes  with  limestone,  which  was  the  only  product  they 
got  by  ship,  and  consequently  unless  the  ship  could  unload  itself, 
the  stone  could  not  be  received  by  water.  That  particular  stone 
was  a  deposit  of  98  per  cent  carbonate  of  lime,  and  7,000,000  tons 
were  shipped  by  the  plant  in  1920  in  a  period  of  open  navigation 
of  about  seven  months. 

With  regard  to  the  question  of  dumpers,  the  Author  seemed  to 
question  some  of  the  capacities  obtained  in  the  United  States, 
and  said  (page  94)  that  the  figure  gave  an  average  of  nearly  49  tons 
of  coal  per  wagon.  The  average  car  in  the  United  States  handling 
coal  now  was  a  50-ton  car,  and  most  of  the  cars  that  went  to  the 
dumpers  on  the  seaboard  carrjdng  coal  for  export  were  larger  than 
50  tons ;  the  bulk  of  those  now  being  built  was  90  tons,  and  the 
Virginian  Railroad  had  built  1,000  120-ton  cars  net  weight.  They 
also  operated  car-dumpers  which  dimiped  two  cars  at  one  time,  at 
the  rate  of  forty  dumps  per  hour,  or  eighty  cars  per  hour.  The 
120-ton  cars  had  twelve  wheels,  were  about  50  feet  over  bumpers, 
11  feet  high  and  10  feet  6  inches  wide. 

Mr.  J.  H.  Anderson  suggested  that  the  Author  had  put  forward 
a  few  particulars  which  were  open  to  friendly  criticism — not  from 
the  point  of  pulling  the  Paper  to  pieces,  but  from  the  view  of 
constructive  helpfulness.  First  of  all,  he  suggested  that  to  an 
engineer  the  design  relating  to  the  size  and  capacity  of  bulk-handling 
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plants  was  not  an  engineering  problem  of  very  great  magnitude. 
The  problem,  if  any,  was  to  convince  the  non-technical  people  who 
controlled  finance  that  the  cutting  down  of  prices  in  capital  outlay, 
although  at  first  sight  it  might  appear  to  be  very  clever,  in  the  long 
run  often  made  the  working  costs  so  high  that  they  could  not 
compete  with  better  plants.  Pro\'iding  conditions  warranted  it, 
the  speed  of  loading  and  discharging  vessels  with  bulk  cargoes  could 
easily  be  made  much  faster,  but,  in  this  country,  engineers  were 
hampered  very  much  owing  to  being  the  pioneers  in  that  class  of 
trade.  They  started  with  what  would  to-day  be  called  very  small 
units,  but  when  those  units  were  brought  out  no  doubt  they  were 
a  big  jump,  so  much  so  that  a  huge  amount  of  capital  had  been 
expended  in  the  fitting  up  of  colUeries  with  small  tubs,  small  hoisting 
gears,  small  wagons  to  take  the  coal  to  the  drops,  small  ships  to 
convey  the  material  by  sea,  and  even  less  than  twenty  years  ago 
much  of  that  coal  was  discharged  by  hand,  even  on  the  Thames. 

From  those  gradual  growings  the  railways  had  been  standardized 
with  what  the  Author  said  some  one  called  "  matchboxes  on  wheels," 
which  he  personally  agreed  was  the  case  for  bulk  cargo  operation, 
except  a  few  40-tonners  in  the  north.  He  suggested  that  British 
engineers  were  the  pioneers,  and  thus  other  people  who  did  not 
begin  to  develop  their  countries  till  nearly  a  century  later  had  had 
all  the  experience  to  go  upon,  and  had  made  that  their  starting- 
point.  Thus  they  were  to-day  working  their  easiest  procured  coal 
in  their  shallow  pits  (and  even  in  huge  quarry  excavations)  with  huge 
coal-cutting  machinery,  mechanically  loading  large  pit-tubs  at  the 
working  face,  gathering  them  by  electric  gathering  engines,  and 
assembHng  them  inside  many  of  the  hillside  mines  into  trainloads, 
which  were  hauled  by  large  electric  locomotives  to  the  place  of 
preparation  for  market.  Those  particular  coals  gave  a  high  output, 
to  deal  with  which,  high-capacity  wagons  were  used,  and  some  of  the 
latter  held  over  100  tons.  They  were  constructed  so  that  doors  were 
opened  on  the  bottom  or  at  the  side,  whereby  all  the  coal  would 
gravitate  out  of  the  wagon  into  hoppers,  or  in  other  cases,  where  the 
height  did  not  allow  for  that,  they  were  elevated  and  tipped.  To 
meet  the  quick  delivery  of  coals  from  those  wagons,  ships  were 
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specially  designed  for  the  purpose,  and  on  their  discharge  high- 
capacity  machinery  was  employed.  The  members  could  compare 
the  British  methods  with  those  he  had  mentioned,  the  details  of 
which  were  too  numerous  to  discuss  at  that  Meeting,  but  there  were 
two  Papers*  on  the  subject  read  by  the  speaker  before  the  Institute 
of  Marine  Engineers. 

He  hardly  agreed  with  the  Author  that  the  principal  cause 
contributing  to  the  past  success  of  this  country  in  steel  and  iron: 
was  transport  alone.  Transport  was  only  one  unit  of  it,  although 
no  doubt  it  was  a  very  prominent  one-to-day,  but  in  the  past  there 
had  been  an  abundance  of  ore  and  coal  in  the  same  locality  and 
therefore  furnaces  had  been  erected  there.  Iron  was  made  long  before 
coal  was  used,  and  districts  like  Sussex,  Forest  of  Dean,  Kent,  etc., 
where  wood  was  plentiful,  were  in  those  days  the  home  of  the  iron 
trade.  Industry  must  go  to  fuel,  and  even  in  the  days  to  which  he 
had  just  referred,  it  was  recorded  that  iron  manufacture  went  to 
Ireland  owing  to  tlie  thinning  out  of  some  of  the  EngUsh  woods 
that  supplied  the  fuel.  He  thought  that  a  similar  thing  was 
occurring  to-day  in  this  country.  Fuel  was  becoming  more  difficult 
to  procure,  its  cost  was  almost  prohibitive,  and  our  opportunities 
had  been  thrown  away.  America,  China,  Germany  and  other 
countries  that  possessed  more  coal  than  this  coimtry,  and  whose 
coal  was  much  more  easy  and  cheap  to  produce,  would  gain 
from  our  past  experience  and  start  on  a  scale  that  would  put 
us  in  a  difficult  position  to  compete  with  them,  unless  the 
problem  were  attacked  in  every  detail  from  its  source  to  the 
consumer. 

With  regard  to  the  Sebabna  plant,  one  would  like  to  see  a 
diagram  of  the  transport  system  before  discussing  it,  but  it  might 
be  of  interest  to  state  that  many  of  the  hillside  mines  in  America  had 
to  adopt  what  were  termed  "  retarding  conveyors,"  which  in  most 
cases  were  round  disks  of  wood  or  plate  bolted  to  an  endless  wire  at 
every  few  feet.  Many  of  those  were  deUvering  coal  up  to  300  tons 
per  hour,  and,  of  course,  most  of  the  power  was  utilized  for  braking 

*  Trans.  Inst.  Marine  Eng.,  1919,  vol.  xxxi. 
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or  governing  the  speed,  a  very  small  motor  being  sufficient  for  that 
purpose.  He  agreed  with  the  Author  regarding  the  angle  of  repose 
of  material,  but  why  was  not  that  considered  in  the  design  of  the 
plant  ?  Would  a  chain  scraper  get  over  the  Author's  difficulty  ? 
It  required  very  little  effort  to  create  an  avalanche  of  that  material 
held  up  ;  in  fact,  the  release  of  a  small  piece,  sometimes  done  by 
throwing  a  lump  down  the  incline,  would  often  start  hundreds  of 
tons,  so  that  it  would  continue  running  to  the  spout.  Therefore  a 
small  endless  chain  of  a  portable  type  might  overcome  the  difficulty. 
Another  mistake  seemed  to  have  been  made  by  excavating  the 
hopper  16  feet  too  deep.  Surely  it  would  have  been  cheaper  to 
build  a  retaining  wall  for  the  16  feet  on  the  top  rather  than  cut  the 
whole  area  out  of  rock.  In  fact,  the  plant  seemed  to  have  been 
designed  purposely  to  neglect  gra^•ity,  by  lowering  the  material  some 
hundreds  of  feet  and  then  ha\dng  to  raise  it  up  by  mechanical  means- 
The  hopper  storage  at  the  mooring  might  have  been  built  of  ferro- 
concrete of  such  a  height  that  the  top  would  be  the  anchorage  for 
the  ropeway  transport,  tipping  the  material  along  a  hopper  the  full 
length  of  ship  hatches  ;  and  all  holds  could  be  loaded  simultaneously 
by  gra^itating  the  ore  through  a  spout  opposite  each  hatch.  Thus 
no  power  would  be  required  and  very  little  labour  involved,  the 
speed  of  loading  being  increased  by  the  number  of  hatches  in  the 
vessel — mostly  four,  but  often  five  or  six.  The  structure  would 
also  form  an  excellent  place  for  mooring  vessels.  He  mentioned 
it  because  there  seemed  to  be  quite  suitable  material  on  the  site 
for  making  concrete  aggregate. 

AVith  regard  to  the  trimming  of  the  cargo,  the  specific  gravity 
of  the  material  was  such  that  only  a  small  part  of  the  hold  space 
was  needed.  As  those  ships  were  usually  coal-carrying  vessels, 
there  should  be  no  hand-trimming  needed  with  ore.  Many  colliers 
were  self-trimming,  for  which  a  special  rate  was  given  on  the  loading. 

With  regard  to  the  speed  of  loading  there  was  no  novelty  in  that, 
even  if  800  tons  per  hour  was  reached.  There  were  many  plants 
that  had  been  in  operation  for  several  years  putting  bulk  cargo 
into  more  difficult  places  at  a  much  higher  loading  rate.  The 
Author  said  he  witnessed  660  tons  loaded  in  fifty-five  minutes. 
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Could  he  state  how  long  the  vessel  was  alongside  the  structure  ? 
The  total  tonnage  could  then  be  divided  by  the  number  of  hours, 
which  would  give  the  working  average  per  hour. 

With  reference  to  the  vibration  of  the  structure,  surely  the 
release  of  half  a  ton  of  material  at  regular  times  at  the  long  leverage 
mentioned  would  set  the  thing  in  motion  and  gather  a  little 
momentum  each  time  until  it  balanced  the  resistance  of  the 
structure.  He  agreed  wdth  the  Author  that  belt-conveying  would 
have  been  better  than  using  a  huge  chain  of  buckets. 

He  thought  the  Author  was  a  long  way  behind  so  far  as  his 
records  of  loading  were  concerned  ;  800  tons  for  an  hour  and  7,000 
tons  for  a  working  day  of  ten  hours  had  been  exceeded  by  a 
discharging  plant,  and  the  Author  stated  that  discharging  would 
never  be  so  fast  as  loading.  The  Author's  suggestion  of  future 
improvements,  such  as  running  a  number  of  grabs  round  an  elliptical 
track,  was  not  a  novel  idea,  as  it  was  already  in  use,  but  the 
obstruction  on  vessels,  such  as  masts,  funnels  and  deck-houses,  had 
to  be  taken  into  consideration,  including  the  cosmopolitan  shipping 
that  had  to  be  dealt  with. 

The  example  of  the  "  Pallion  "  was  also  out  of  date,  and  vessels 
of  that  kind  of  arrangement  might  be  stated  to  be  giving  satisfaction 
in  many  places  in  the  States,  principally  for  discharging  ore  and 
limestone.  He  might  mention  the  "Herman  Sauber,"  Fig.  32, 
Plate  9,  also  built  by  Messrs.  Doxford  to  discharge  1,200  tons  of 
coal  per  hour,  which  the  Germans  used  for  ore  transport  during  the 
War,  incidentally  stifiening  the  hopper  bottom  with  angles,  thus 
obstructing  the  flow  of  coal  since  that  time.  The  vessel,  however, 
had  been  of  use  to  this  country  since  it  was  handed  over. 

The  weight  of  empty  grab,  in  comparison  with  the  weight  of 
material  carried  by  the  Han  Yeh  Ping  transporter,  was  7  tons  grab 
to  lift  4  tons  of  material.  He  trusted  the  Author  did  not  claim  that 
as  an  economical  point,  as  the  whole  plant  would  have  to  be  strong 
enough  to  stand  that  very  heavy  non-earning  load,  which  was 
always  a  charge,  whether  the  grab  were  full  or  empty.  There  were 
many  grab  plants  lifting  2|  tons  of  coal  or  ore  having  grabs  of  the 
same  weight  as  the  material  lifted.     It  must  also  be  taken  into 
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consideration  that  in  practice  if  tlie  size  of  grab  were  increased,  the 
ratio  of  its  weight  to  the  load  lifted  could  be  reduced.  In  addition 
to  the  working  charge,  there  was  also  the  increased  cost  of  the 
heavier  machine  and  foundations  designed  purely  for  the  non- 
earning  load.  He  saw  no  reason  why  the  grab  should  exceed  5|  tons, 
and  why  it  should  not  grab  5|  tons  of  material  if  it  were  properly 
designed.  He  suggested  that  future  improvements  in  rapidity  of 
loading  and  discharging  would  take  place  when  all  the  units 
employed,  from  the  source  of  the  material  to  the  consumer,  were 
designed  with  a  view  to  increasing  their  size,  but  it  must  not  be 
forgotten  that  even  to-day  there  were  many  ships,  down  whose 
hatches  one  could  not  get  a  2-ton  grab. 

(Mr.  Anderson  exhibited  a  series  of  slides  illustrating  his  remarks. 
Two  are  reproduced  in  Figs.  32  and  33,  Plates  9  and  10.  The 
latter  showed  a  cutting  and  loading  machine,  which  undercut  the 
coal  at  the  bottom,  sheared  each  side  of  this  vertically,  broke 
down  the  coal  with  mechanical  picks,  gathered  and  elevated  it  to 
a  swivelling  conveyor  for  delivery  to  a  storage  hopper.  Thirty 
tons  per  hour  had  often  been  done  with  this  machine,  averaging 
throughout  the  day.  The  average  output  in  British  collieries  was 
about  one  ton  per  man  employed.) 

Mr.  F.  G.  Mitchell  said  that  it  was  fairly  evident  the  Author's 
observations  on  the  plants  described  were  from  the  point  of  view 
of  the  Works  Engineer,  and  not  from  that  of  the  designer. 

With  regard  to  the  belt-conveyor  at  Durban  various  figures  were 
given,  and  if  they  were  worked  out  it  would  be  found  the  horse-power 
he  mentioned  as  actually  driving  the  belt  was  very  much  below  the 
horse-power  given  in  his  own  Tables,  and  it  would  be  interesting  if 
some  explanation  of  that  discrepancy  were  given.  He  himself  believed 
the  explanation  was  that  the  figures  in  the  Table  represented  the 
horse-power  required  from  ordinary  idlers,  while  the  plant  described 
was  fitted  with  ball-bearing  idlers.  It  would  be  a  considerable  help 
to  the  understanding  of  the  difEerent  Tables  if  the  spacing  of  the 
idlers  was  given,  the  diameter  of  the  rollers  and  the  kind  of  idlers 
used,  because  those  items  affected  the  horse-power  very  much. 


124  MECHANICAL  LOADiKG   OF   SHIPS.  JAJt.  1521. 

(Mr.  V.  G.  Mitchell.) 

One  of  the  earlier  speakers  had  mentioned  the  tests  of  the  belt. 
The  Author  said  that  the  rubber  cover  should  stand  an  elongation 
of  300  per  cent  before  breaking,  but  he  did  not  mention  that  it  was 
very  important  that,  when  the  rubber  cover  was  stretched,  it  should 
contract  again  to  its  original  length.  The  Author  referred  to  the 
duck  of  a  belt-conveyor,  and  said  (page  83) :  "  When  examining 
a  sample  of  a  rubber  belting,  the  cotton  duck  should  be  exposed 
so  that  the  number  of  yarns  can  be  counted  in  the  warp  and  filler." 
He  beUeved  the  modern  belt-conveyor  was  composed  of  duck  which 
had  very  much '  stronger  yarns  running  in  the  direction  of  the  belt 
than  across,  in  order  to  give  very  much  greater  ten.sile  strength  for 
the  belt  in  that  direction  than  in  the  cross-section,  and  to  allow 
easier  troughing  for  the  same  weight  of  conveyor. 

All  the  conveyors  and  transporters  mentioned  in  the  Paper,  it 
was  e\'ident,  were  designed  under  pre-war  conditions,  when  labour 
was  very  much  cheaper  than  it  was  at  present.  The  plant  at 
Devonport  he  understood  required  sixteen  men  to  operate  it  during 
the  day  and  eight  during  the  night,  and  to-day  the  same  capacity 
would  be  looked  after  by  three  or  four  men  at  the  outside.  The 
storage  at  Devonport  actually  required  more  men  than  the 
unloading. 

He  had  been  extremely  interested  to  hear  Mr.  Baldwin's  remarks 
about  American  practice.  It  was  generally  believed  that  American 
practice  was  very  much  ahead  of  that  in  this  country,  mainly  because 
the  engineers  in  this  country  were  afraid  of  big  capacities  and  of 
high  speed.  He  thought  this  country  could  equal  the  Americans, 
if  only  people  could  be  persuaded  to  buy  the  plants  and  use  them 
at  the  higher  speeds,  which  were  really  safe  speeds.    {See  page  151.) 

Mr.  W.  S.  Edward.=?  said  that  he  wished  thoroughly  to  endorse 
the  later  remarks  of  'Mr.  ^Mitchell  in  regard  to  the  necessity  for 
EngUsh  engineers  accustoming  themselves  to  the  high  speeds  which 
were  required  in  connexion  with  some  of  the  larger  unloading 
plants  now  being  contemplated.  The  Author  assumed  that  there 
was  a  lack  of  technical  data  in  engineering  handbooks.  There  had 
recently   been    an   undoubted  tendency   on    the  part   of    British 
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publications  to  devote  considerably  more  space  to  that  important 
subject,  as  the  question  of  the  mechanical  handling  of  materials 
in  this  country  was  becoming  increasingly  important  every  year. 
At  the  same  time  it  must  not  be  forgotten  that  a  great  deal  of  very 
valuable  data  already  existed  both  on  the  Continent  and  in  America 
.to  which  due  regard  should  be  paid. 

With  regard  to  the  Author's  remarks  as  to  bucket-conveyors,  he 
was  evidently  not  aware  that  self-discharging  steamers  were  at 
present  in  operation  in  Middle  West  America,  in  which  a  bucket- 
elevator  was  installed,  capable  of  continuously  dealing  with  2,000 
tons  of  broken  limestone  per  hour. 

On  the  question  of  Stauffer  lubrication,  it  had  been  the  speaker's 
experience  that  oil-lubricated  trod-wheels  gave  excellent  service 
for  the  handling  of  coal  and  other  non-abrasive  materials,  but 
for  the  handling  of  stone  or  Chilian  nitrates  and  other  abrasive 
materials,  Staufier  lubrication  became  almost  a  necessity  ;  and, 
provided  suitable  means  were  taken  to  prevent  the  lubricators 
from  becoming  loose  in  action,  and  that  they  were  of  large  capacity, 
thereby  avoiding  the  necessity  of  frequent  filling,  his  experience 
was  that  they  represented  the  best  practice. 

The  Author  mentioned  the  rated  capacity  of  the  bucket-conveyor 
as  being  800  tons  per  hour,  and  it  would  be  of  interest  to  know  if 
that  figure  had  been  reached  since  the  installation  of  the  automatically 
lubricated  bucket-wheels.  It  was  not  clear  from  the  Author's 
statement  with  regard  to  the  oscillations  of  the  cantilever  (page  81) 
whether  the  swaying  movement  which  occurred  was  equally 
apparent,  both  during  the  time  the  plant  was  running  and  when  it 
was  at  rest.  The  2J-inch  swaying  referred  to  would  appear  to  be 
due  to  the  heavy  load  placed  at  the  end  of  the  cantilever,  rendered 
necessary  by  the  telescopic  arrangement  of  the  bucket-conveyor. 
The  Author  remarked  that  a  48-inch  belt-conveyor,  travelling  at 
400  feet  per  minute,  carried  a  heavier  load  than  the  800  tons  for  which 
the  bucket-conveyor  was  designed.  In  view  of  recent  experience, 
he  thought  it  was  quite  evident  that  a  far  larger  load  could 'have 
been  carried  in  that  way,  always  provided  the  circumstances 
attending  the  other  details  presented  no  obstacle. 
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With  regard  to  guaranteeing  the  life  of  a  belt,  it  seemed  reasonable 
to  ask  for  a  guarantee  of  the  life  of  conveyor-belts,  but  owing  to 
the  many  circumstances  attending  the  operation  of  the  belt,  which 
were  entirely  outside  the  control  of  the  belt  manufacturer,  it  was 
impracticable  to  do  more  than  give  instances  based  on  practical 
experience  as  to  the  hfe  which  should  be  expected.  With  reference 
to  speeds  (page  85),  in  many  instances  it  was  not  possible  to  flatten  the 
angle  of  the  belt  gradually,  as  suggested,  and  the  difficulty  to  which 
the  Author  referred  could  usually  be  overcome  by  the  interposition 
of  suitable  feeding  apparatus,  designed  to  take  the  shock  of  the 
falling  material  ofi  the  belt,  and  to  assist  in  changing  its  direction 
of  flow  and  feed  it  evenly  thereon  at  considerable  initial  velocity. 
He  did  not  agree  as  to  the  necessity  for  driving  inclined  conveyors 
through  worm-gearing  in  order  to  prevent  their  running  back,  as 
by  the  application  of  a  very  simple  check  mechanism  the  running- 
back  could  be  entirely  overcome.  As  to  the  spillage  at  bend-pulleys, 
he  was  afraid  that  the  remedy  was  worse  than  the  disease.  Any 
attempt  to  use  troughing  idlers  round  a  bend  must  inevitably  produce 
heavy  stresses  on  the  edges  of  the  belt,  and  consequently  shorten 
its  life.  The  best  method  was  to  make  use  of  properly  adjusted 
skirtboards. 

Brief  reference  was  made  to  the  weightometer,  and  it  would  have 
been  interesting  if  the  Author  could  have  given  some  details  of  the 
degree  of  accuracy  attained  by  that  method  of  weighing,  which 
undoubtedly  possessed  features  that  lent  themselves  for  easy 
adaptation  to  belt-conveyor  systems.  In  regard  to  the  relative 
advantages  of  belt-conveyors  as  compared  with  dumpers,  that 
question  would  undoubtedly  come  very  much  to  the  fore  in  the 
near  future.  The  majority  of  the  existing  coal  staiths  would  be 
quite  incapable  of  dealing  vnth.  the  large-sized  wagons,  and  he  thought 
the  cost  of  building  new  staiths  at  high  capacity  would  be  almost 
prohibitive,  compared  with  the  possibilities  of  converting  existing 
staiths  into  belt-loading  plant,  as  had  been  already  done  in  one 
instance.  The  Author  stated  that  the  unloading  of  cargo  in  bulk 
would  never  equal  loading  speed  unless  self-discharging  vessels 
were  used.     It  might  be  of  interest  to  know  that  unloading  grab- 
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transporters  were  now  in  operation,  whereby  an  unloading  speed 
of  1,000  tons  per  hour,  with  one  transporter,  was  not  unobtainable. 
Furthermore,  self-discharging  vessels  equipped  with  a  complete 
system  of  belt-conveyors  had  for  some  time  been  in  regular  use 
in  the  United  States,  discharging  at  the  rate  of  2,000  tons  per  hour. 

Mr.  F.  T.  Parker  said  the  Author  was  a  friend  of  his,  and  it 
would  therefore  be  ungracious  first  to  introduce  his  Paper  and 
then  subject  it  to  criticism.  He  was  of  the  opinion  that  the 
Author  had  underestimated  the  capacities  of  the  belts,  and 
overlooked  other  factors  to  which  Mr.  Baldwin  had  partly 
called  attention.  His  own  experience,  backed  by  data  in 
his  possession,  led  him  to  conclude  that  the  Author  was  too 
conservative,  but  it  was  to  be  borne  in  mind  that  the  Table  was  based 
upon  results  derived  from  empirical  formulae.  For  some  fifteen 
years  or  more  the  Author  had  been  actively  engaged  as  an  engineer 
in  the  field  on  a  variety  of  belt-conveyor  and  other  plants  for 
handling  loose  material.  A  field  engineer  was  not  always  furnished 
with  the  whole  of  the  technical  information  relating  to  a  contract. 
He  had  his  plans  and  instructions,  and  his  work  was  to  supervise 
erection,  start  and  tune-up  a  plant  to  meet  its  guarantees,  after 
which  his  work  usually  ended. 

Conservatism  on  the  part  of  a  designer  in  estimating  the 
maximum  capacity  of  tonnage  handled  by  a  belt,  was  a  safe  measure 
against  contingencies,  and  led  up  to  its  readily  meeting  its 
guarantees.  For  instance,  a  belt  might  be  employed  to  deliver, 
under  stringent  guarantees,  say,  500  tons  per  hour  at  a  certain 
speed.  These  guarantees,  within  certain  limitations,  might  very  well 
influence  the  designer  in  the  adoption  of  a  safe  width  of  belt.  But 
it  was  also  quite  possible  the  designer  knew  it  to  be  capable  of  easily 
handling  a  larger  amount.  It  was  probable  that  the  Author  had 
been  governed  by  such  conservative  estimates  of  capacity,  and, 
if  so,  he  was,  in  his  opinion,  justified  in  basing  his  conclusions 
thereon.  Nevertheless,  his  view  was  that  these  figures  were  too 
low.  He  considered  that  the  Author  had  taken  the  specific  gravity 
of  coal  at  too  high  a  figure,  while  that  for  iron^ore  seemed  low. 
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If  SO,  his  capacity  figures  would  be  affected.     However,  to  some 

extent,  these  specific  gravities  were  dependent  upon  individual 

choice. 

The  Author  might  have  improved  and  also  curtailed  the  Table 
in  the  Appendix,  by  adding  a  column  stating  the  constants  he 
had  used,  and  by  taking  the  ratios  of  the  specific  gravities.  He 
(the  speaker)  then  went  into  detail  to  explain  these  points,  and, 
upon  suggestion,  undertook  to  prepare  an  amended  Table,  relating 
'only  to  the  capacities  given  in  the  Author's  Table.  The  Author 
had  stated  that  the  horse-powers  were  based  upon  his  figures  for 
maximum  capacities.  Assuming  that  plain  bearing  idlers  were  in 
use,  his  view  was  that  these  figures  were  low  for  the  average,  and 
high  for  the  maximum  capacities.  This  latter  was  in  his  favour. 
It  was  only  reasonable  to  state  that  owing  to  the  Author's  long 
residence  abroad,  at  times  away  from  civilization,  he  was  unable 
to  tap  sources  of  information  available  to  those  at  home. 

The  Author  was  known  by  some  members  present,  to  be  the 
engineer  on  the  staff  of  one  of  the  largest  industrial  concerns  in  the 
country.  It  was  pleasing  to  pay  tribute  to  the  fact  that  the  Paper 
had  been  read  without  previous  comment  or  any  alteration,  and 
it  showed  a  fine  spirit  on  the  part  of  his  management.  The 
Paper,  coupled  with  the  discussion,  would  be  a  valuable  addition  to 
the  records  of  the  Institution. 

The  President  proposed  that  an  expression  of  appreciation 
be  conveyed  to  the  Author,  now  on  his  way  to  China. 


The  Motion  was  carried  with  acclamation. 


.U:!,  1921.  MECfiAN*lOAL   LOADING    OK   SHIFS.  129 

Discussion  in  Manchester,  Thursday,  21th  January  1921. 

Mr.  F.  T.  Parker,  in  introducing  the  Paper,  said  that  the  Author 
wished  him  to  express  hia  regret  at  not  being  there  in  person. 
At  the  Meeting  in  London  he  gathered  he  was  expected  to  make 
a  few  introductory  remarks.  He  was  not  then  prepared,  but  was 
now.  The  Author's  object  was  to  place  before  them  the  results 
of  personal  experience  on  various  plants  for  loading  vessels  with 
coal  and  minerals  by  means  of  belt-conveyors.  An  unloading  plant 
was  also  described.  Although  the  title  of  the  Paper  might  be 
considered  to  cover  a  wider  field,  it  could  only  have  been  intended 
to  deal  with  one  branch,  and  not  that  of  other  types  of  machinery 
in  use  for  this  or  general  cargo-handling  purposes. 

They  were  faced  to-day  by  problems  long  neglected,  partly 
due  to  a  backward  transport  system,  to  environment,  and  largely 
due  to  the  cost  of  raw  materials  and  outgoings  in  the  shape  of  much 
enhanced  wages-bills.  The  situation  affected  industry  in  all  its 
ramifications.  The  progress  made,  in  this  branch  of  engineering 
by  British  engineers,  during  the  past  decade  or  so,  had  been  great, 
but  it  was  not  abreast  of  our  industrial  requirements,  and  not,  so 
far  as  the  number  of  modern  installations  were  concerned,  on  all 
fours  with  developments  elsewhere.  Ironmasters  here,  and  our 
Continental  competitors,  had  been  reaching  out  for  some  years  to 
acquire  properties  abroad,  where  deep  water  conditions  were  handy, 
80  that  vessels  could  be  loaded  in  open  roads.  There  were  instances 
of  such  plants  at  Bilbao,  Cherchell,  Bougie,  Sebabna,  etc.  The 
installation  of  these  plants  presented  no  inherent  difficulties, 
but  the  question  .of  unloading  vessels  on  arrival  at  our  ports,  was 
one  calling  for  carefid  thought  and  judgment.  It  was  in  this 
country  that  more  rapid  developments  would  take  place  than 
heretofore.  Brief  mention  was  made  in  the  Paper  of  a  steamer 
built  with  its  own  unloading  belt  equipment.  The  Germans  had 
made  some  progress  in  that  direction,  as  the  conditions  on  the 
Rhine  demanded  the  quick  loading  of  barges  for  river  transport. 
These  conditions  did  not  obtain  here,  but  it  would  be  of  interest  to 
call  attention  to  one  or  more  points  in  passing. 

s 
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The  first  steamer  built  with  a  belt  unloading  outfit  was 
constructed  on  the  North-East  coast  to  the  joint  designs  of  the 
late  Mr.  Christensen  and  Messrs.  Doxford,  and  others  had  followed ; 
the  credit,  therefore,  belonged  to  this  country  and  not,  as  generally 
thought,  to  Germany. 

Prior  to  seeking  these  fresh  sources  of  supply,  ore  was  mostly 
brought  from  Spanish  ports,  and  it  led  to  the  building  of  boats 
to  deal  specially  with  this  traffic  contingent  upon  our  port  facilities. 
It  became  apparent  to  ironmasters  that  this  source  of  supply  would 
ultimately  cease  to  meet  demands,  and,  in  the  early  part  of  this 
century,  iron  ore  was  shipped  from  Southern  Brazil,  in  direct 
competition  with  the  Spanish  fields.  It  was  established  that  even 
such  long  route  transport  of  iron  ore,  w^hen  carried  in  sufficient  bulk, 
was  practicable  and  remimerative.  Attention  was  drawn  in  the 
Paper  to  the  enormous  iron-ore  deposits  in  Brazil,  to  which  the 
speaker  could  testify,  and  it  was  interesting  to  state  that  groups  of 
British  and  American  ironmasters  were  engaged  in  developing  some 
of  these  fields.  The  Government  of  that  country  intended  ultimately 
to  link  up  two  main  route  sections,  and  in  the  near  future  there 
would  probably  be  a  rapid  development  in  the  shipment  of  iron  ore 
therefrom. 

Having  these  remarks  in  mind,  it  became  a  matter  for  speculation 
as  to  whether  ocean-going  steamers  for  this  work  would  ultimately 
carry  their  own  belt  unloading  plants,  in  which  case  our  dock 
arrangements  might  have  to  be  altered  to  suit,  or  whether  large 
grab-transporters,  such  as  described  in  the  Paper,  would  be  more 
generally  used.  Attention  was  also  directed  to  the  progress  in 
the  perfection  of  automatic  telpher-grab  plants,  which  had  been 
used  on  the  Continent.  British  engineers  had  effected  very 
considerable  improvements  in  their  design  and  general  utility, 
and  the  speaker  thought  that  this  system  would  be  a  very 
keen  rival  to  the  grab-transporter  by  reason  of  its  adaptability  to 
local  conditions,  and  to  the  economies  it  brought  about  by  reason 
of  its  rapidity,  flexibility,  and  labour  saving.  The  greatest  difficulty 
they  had  to  face  here  was  environment ;  it  governed  all  other 
considerations. 
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The  President  had  mentioned  that  Mr.  Smith's  Paper  was  the 
first  for  a  number  of  years,  and  the  speaker  thought  they  were 
indebted  to  the  Author  for  breaking  the  silence.  The  times  compelled 
them  all  to  pay  heed  to  such  contributions,  irrespective  of  their 
individual  opinions,  and  the  Paper,  with  its  discussion,  would  l^e 
instrumental  in  handing  on  to  younger  members  some  rccoiJ  of 
work  well  done. 

The  Chairman  (Mr.  William  Fox)  said  the  Paper  developed 
primarily  the  mechanical  handling  of  minerals  in  certain  difiicult 
situations  abroad  where  little  or  no  transport  facilities  obtained, 
and  where  economical  transport  and  loading  of  vessels  was  entirely 
dependent  on  the  installation  of  suitable  plant  at  reasonable  cost, 
which  would  ensure  the  development  of  mines  and  the  loading 
and  transport  of  their  products  to  the  consumer  at  competitive 
rates.  The  description  of  the  special  machinery  designed  and 
erected  to  meet  the  difiicult  conditions  stated  had  proved  of 
great  interest.  The  equipment  of  the  Port  of  Manchester  included 
special  machinery  for  the  loading  of  coal  for  export,  grain  in 
bulk,  etc. 

The  Port  of  Manchester,  one  of  the  best-equipped  of  ports, 
was,  owing  to  its  geographical  position,  situated  within  easy  access 
of  most  of  the  important  coal-fields  in  this  country,  and  its  railways 
being  connected  with  all  the  large  railway  systems,  it  was  therefore 
in  direct  communication  with  the  mines.  Very  heavy  coal  and 
mineral  traffic  had  been  anticipated,  consequently  a  special  coal 
basin  was  constructed  with  railway  sidings  and  equipped  with  six 
coal-tips,  loading  coal  direct  from  the  railway  wagons  to  steamers. 
The  standard  coal-wagons  at  the  time  the  tips  were  constructed 
were  10  and  12  tons,  but  in  anticipation  of  the  construction  of 
larger  wagons,  coal-tips  were  designed  to  deal  with  wagons  up  to 
30  tons.  If  wagons  of  the  larger  type  referred  to  by  the  Author, 
say  80  tons  capacity,  were  adopted  in  this  country,  there  would 
be  no  difficulty  in  arranging  suitable  machinery  for  tipping  in  the 
same  time  as  was  now  taken  with  standard  wagons  of  10  and  12 
tons.  It  was  quite  impossible  to  compare  the  loading  figures  obtained 
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by  the  special  coal-tips  adopted  where  large-sized  wagons  were  in 
use  with  the  output  in  this  country,  where  standard  wagons  were  of 
10  to  12  tons  capacity.    In  view  of  the  economical  working  of  the 
coal-tips  at  Partington,  the  combined  hoisting  and  tipping  table 
was  provided  with  three  rams — main,  auxiliary  and  balancing — the 
main  and  balancing  rams   being   used   for  wagons  up  to  18  tons, 
and  the  three  rams  for  wagons  of  larger  sizes.    The  balancing  ram 
was  provided  to  prevent  the  tipping  table  lowering  too  raj)idly, 
and  provided  pressure  to  the  ram  of  the  tipping  table.      The 
balancing  ram  accumulated  pressure  when  the  tip  was  lowering 
and  the  water  contained  in  the  cylinder  was  forced  back  into  the 
pressure  main,  as  the  weight  of  the  moving  parts  of  the  tip  was 
sufficient  to  overcome  the  resistance  of  the  balancing  ram  into  the 
accumulator,  consequently  efEecting  a  saving.     Pre-war  more  than 
one  million  tons  of  coal  were  shipped  in  twelve  months  in  this  manner. 
The  tips  were  designed  to  be  capable  of  a  complete  tipping 
operation  in  one  minute.    For  obvious  reasons,  this  rate  of  working 
was  not  obtained  in  actual  practice.   They  had,  however,  unloaded 
up  to  forty-five  wagons  in  one  hour.     He  would  be  a  very  bold 
man  who  disputed  the  efficiency  of  a  conveyor-band  having  the 
advantage  of  a  constant  feed  from  a  large  storage  hopper. 

He  thought  that  the  scheme  at  the  Sebabna  riiines  was  excellent, 
and  agreed  with  the  Author  that  it  was  a  mistake  to  have  installed 
a  bucket-conveyor.  His  experience  of  bucket-conveyors  proved  they 
were  capable  of  doing  good  work,  but  were  expensive  in  maintenance 
costs.  He  was  not  surprised  that  Mr.  Smith  had  to  pay  a  second 
visit  to  reinforce  the  bridge  at  Sebabna,  owing  to  the  vibration 
caused  by  the  bucket-conveyors,  as  this  was  a  common  experience. 
During  the  construction  of  the  Manchester  Ship  Canal,  bucket  and 
mechanical  transporters  were  largely  used  for  the  removal  of  .spoil, 
and  proved  effective. 

The  Author's  reference  to  transporters  was  very  interesting, 
more  especially  with  regard  to  the  Han-Yeh-Ping  Transporter. 
The  consideration  of  a,  scheme  for  this  purpose  was  made  difficult 
by  the  abnormal  rise  and  fall  of  the  Yantzse  River. 

Under  specially  suitable  conditions,  the  loading  of  minerals  into 
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vessels  would  certainly  be  more  efficient  with  the  use  of  belt- 
conveyors.  In  this  country  for  the  loading  of  vessels  the  installation 
of  coal-hoists,  and  for  the  discharging  of  minerals  from  vessels  by 
grabs,  either  operated  from  level  luffing  and  slewing  cranes,  or 
transporters,  according  to  the  special  conditions,  were  adopted.  At 
the  Port  of  Manchester  the  belt-conveyors  were  used  exclusively  for 
the  carriage  of  grain.  At  No.  9  Dock,  grain  was  loaded  direct  from 
vessels  on  to  belt-conveyors  in  subways  nearly  half  a  mile  in  length 
and  conveyed  into  the  elevator.  Several  vessels  lying  in  the  dock 
could  discharge  on  to  these  bands  simultaneously.  The  grain  was 
raised  from  the  ship's  hold  by  meaiis  of  bucket-elevators  and 
conveyed  to  temporary  hoppers,  thence  to  belt-conveyors. 

At  No.  1  grain  elevator  the  intake-belt,  which  was  36  inches 
wide,  running  at  600  feet  per  minute,  conveyed  470  tons  of  grain 
per  hour.  The  grain  was  loaded  direct  from  the  ship  by  means 
of  a  belt  bucket-elevator  supplemented  by  a  pneumatic  plant. 
The  export  belt-conveyor  delivered  bulk  grain  into  barges  and 
coasters  at  the  rate  of  410  tons  per  hour. 

He  agreed  with  the  Author  that  idlers  were  destructive  to 
belts.  It  was  quite  possible  so  to  train  a  belt  that  idlers  rarely  came 
into  use.  The  belt-conveyors  at  the  Port  of  Manchester  had  no  more 
than  three  idlers  on  each  side,  and  those  were  on  the  return,  even 
with  conveyors  over  500  feet  in  length. 

With  reference  to  the  use  of  grabs  for  unloading  ore,  the  Port 
of  Manchester  had  a  number  of  electrically  driven  portal  cranes  of 
5  tons  working  load  really  designed  for  a  greater  load.  It  was  very 
necessary  to  have  such  a  margin  owing  to  the  varying  weight  of 
ores.  Grabs  were  operated  by  wire-ropes  ;  the  weight  of  the  grab 
was  2i  tons  fitted  with  teeth  and  lifted  at  least  its  own  weight  at 
an  operation.  The  vessels  from  which  the  ore  was  unloaded  generally 
had  ordinary  hatchways,  and  several  cranes  worked  from  one  hold 
in  accordance  with  the  size  of  the  hatchway.  From  experience, 
he  believed  this  was  the  cheapest  method  at  present  known  of 
discharging  6re  from  a  steamer. 

The  Author  referred  to  the  Han-Yeh-Ping  transporter  grab 
weighing  7  tons  empty  and  U  tons  full.    It  appeared  to  be  unduly 
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heavy  in  proportion  to  tlie  weiglit  of  material  lifted.  In  this 
country  where  steamers  received  bunker  coal  when  lying  at  anchor, 
special  floating  loaders,  either  a  combination  of  belt-conveyors  and 
elevators,  or  transporters  and  grabs  were  used,  the  former  being 
used  prindpally  for  side  port  loading  and  the  latter  for  over-all 
loading. 

]\Ir.  J.  Phillips  Bedsox  said  that  what  iutcrcstcd  him 
particularly  was  the  use  of  wire-cables.  He  had  seen  many 
installations  where  wire  was  used  for  transporter  purposes.  Those 
who  had  been  in  Belgium  would  have  seen  the  extent  to  which 
that  country  had  availed  itself  of  the  advantages  of  aerial  transit 
in  the  removal  of  spoil  from  the  collieries  and  forming,  not  an  ugly 
pit  bank,  such  as  existed  in  England,  but  something  like  a 
beautiful  cone  in  the  middle  of  the  country. 

It  would  have  been  of  great  interest  to  hear  something  of  the 
American  experience.  Of  course,  the  loading  of  ships  was  to  a 
very  great  extent  an  easier  job  than  the  unloading.  On  the  great 
Lakes  in  America,  where  large  ore  boats  were  used  to  bring  the 
ore  from  the  iron  districts  to  go  to  the  Pittsburg  and  Cleveland 
districts,  both  problems  had  been  taken  up  in  the  most  efficient 
manner.  Wire  had  been  used  for  transporting  in  very  elaborate 
forms  and  in  a  very  primitive  manner.  Onthefiordsof  Norway  a  large 
quantity  of  hay  was  produced  on  the  high  lands,  and  it  was  a  common 
practice  there  to  run  loads  of  hay  on  a  single  wire  from  the  top 
down  to  the  lower  level.  That  method  was  also  used  for  other  things. 
He  remembered  when  the  East  River  Bridge  was  being  built  from 
New  York  to  Brooklyn,  there  was  a  small  rope  which  carried  the 
first  man  that  passed  over  from  one  side  to  the  other.  The  members 
might  also  have  noticed,  in  the  large  quarries  or  open  mines  that 
were  in  operation  in  South  Africa,  the  network  of  wire-ropes  running 
from  the  top  right  out  into  the  valley,  on  which  the  ore  was  carried. 
It  was  a  splendid  example  of  aerial  transit  and  the  transporting 
of  the  material  was  exceedingly  cheap. 

Mr.  Cecil  Bentham  said  that  on  page  G9  one  paragraph  was 
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devoted  entirely  to  the  comparison  between  machinery  and  coolies, 
and  in  the  next  paragraph  the  Author  stated  that  he  proposed  to 
deal  with  plants  which  had  proved  that  the  loading  and  unloading 
of  steamers  could  be  done  at  less  cost  than  was  possible  previously 
by  using  native  labour.     He  thought  it  was  putting  it  on  a  rather 
low  plane  to  regard  it  only  as  a  question  of  cost.     But  to  his  mmd 
a  more  important  factor  was  the  question  of  time  and  the  more 
rapid  execution  of  the  work-either  loading  or  unloading.  Duringthc 
War  they  had  had  a  typical  instanceof  that.     In  discharging  ships 
in  France  the  material  was  brought  out  of  the  ship  at  a  rate  which 
was  quite  impossible  with  manual  labour  ;   even  if  one  had  all  the 
men  in  the  world  to  draw  upon,  the  work  could  not  have  been  done 
at  the  rate  that  the  machinery  did  it,  because  there  was  a  Hmit  to 
the  number  of  men  one  could  apply  in  a  particular  area.     He 
thought  that  was  the  governing  factor  of  most  of  these  appliances. 
The  Author  attributed  the  success  of  the  United  States  and 
Germany  in  the  production  of  iron  and  steel  to  the  attention  paid 
to  the  handling  of  materials  in  bulk.     He  thought  that  suggestion 
was    quite    wrong;     success    was    due    to    economic    conditions. 
Engineers  had  kept  pace  with  the  requirements  of  this  country. 
They  did  not  load  ore  into  ships  as  described  in  the  Paper  because 
they  did  not  need  to  do  it.     It  was  necessary  to  load  coal  because  a 
fairly  large  amount  of  coal  was  exported,  and  he  had  seen  nothing 
in  the  P^per  which  indicated  that  the  coal  loading  appliances  in 
this  country  were  second  to  any  in  the  world.     One  type  .which  was 
mentioned— the  staiths— was  not  always  easy  to  apply,  but  it  gave 
the  best  results  where  it  was  applied.     The  difficult  problem  was 
unloading.     In  loading    one  could  use  gravity  to  a  great  extent, 
whereas  in  discharging  one  had  to  pick  the  stuS  up,  which  was 
sometimes  verv  difficult. 

With  regard  to  coal  and  ore,  with  which  the  Paper  particularly 
dealt,  there\ad  been  nothing  so  far  for  unloading  to  beat  the  grab. 
He  Umited  that  remark  to  ore  and  to  coal  in  big  lumps.  But  he 
noticed  that  the  Author  dealt  with  one  kind  of  grab  only— that 
which  was  slung  on  a  chain  or  rope.  It  hung  on  a  flexible  rope, 
and  it  went  into  the  hold  and  swung  about  in  the  hold.     That  was 
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the  most  common  form ;  but  in  America,  where  there  was  a  large 
amount  of  ore  transported  on  the  Lakes,  far  larger  than  the  quantities 
dealt  with  in  China  or  any  other  part  of  the  world,  50  per  cent  of 
tlie  ore  that  came  out  of  vessels  was  discharged  by  a  grab  of  another 
form.  This  grab,  known  as  the  Hulett  grab,  was  worked  with 
rigid  members,  not  flexible  members  as  described  in  the  Paper. 
He  assumed  that  the  Author  had  kept  to  his  own  experience,  but 
in  dealing  with  the  subject  this  other  type  ought  to  have  been 
mentioned,  because  it  dealt  with  far  larger  amounts  than  the 
flexible  grab.  It  was  carried  on  two  arms  which  went  down  parallel, 
and  it  was  worked  by  rigid  levers,  the  individual  capacity  being 
from  10  to  15  tons  per  grab.  The  grab  described  in  the  Paper  was 
a  very  heavy  one.  In  dealing  with  iron-ore,  a  heavy  grab  was 
undoubtedly  necessary  ;  one  must  have  enough  weight  to  force  the 
grab  down  into  the  material  without  it  tumbling  over,  as  there  was 
a  tendency  to  do.  When  they  started  discharging  iron-ore  with 
grabs  they  could  not  get  the  grabs  full.  That  difficulty  was 
overcome  by  putting  more  weight  into  the  grab  itself,  until  they 
got  a  7 -ton  grab  lifting  4  tons  of  ore.  One  could  design  a  grab  of 
about  4  tons  strong  enough  in  other  respects  to  lift  that  ore,  but  it 
would  not'  go  into  the  ore. 

With  coal  the  problem  was  not  quite  the  same.  The  coal  was 
lighter  and  the  grab  sank  into  it  rnore  easily.  In  those  plants  which 
dealt  with  both  classes  of  material,  he  would  have  felt  inclined  to 
use  two  grabs,  one  for  ore  and  one  for  coal.  It  was  no  use  swinging 
7  tons  of  grab  about  for  4  tons  of  coal,  and  it  seemed  to  him  that 
was  what  was  happening  in  these  plants.  He  thought  that  the 
English  practice  might  well  be  api^lied  to  China  in  this  case. 

He  agreed  with  what  the  Author  said  about  taking  very  little 
notice  of  freak  records.  Last  week  he  came  across  a  record  which 
he  had  not  seen  before,  of  a  ship  on  the  Great  Lakes  which  had  been 
loaded  with  10,000  tons  of  ore  in  twenty-five  minutes,  and  it  was  also 
stated  that  the  ship  was  on  the  slip  one  hour.  The  principle  of  the 
coal  staith  was  applied  to  iron-ore,  and  instead  of  just  feeding  the  ship  • 
at  one  point,  it  was  fed  at  a  large  number  of  points  by  shoots  from 
bunkers,  so  that  the  ship  sank  down  steadily  as  the  ore  flowed  in. 
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The  Lake  boats  were  very  different  from  ocean-going  boats  ;  there 
was  only  one  big  hold  which  could  easily  be  filled. 

The  Author  had  only  dealt  with  two  of  the  materials  which  were 
loaded  in  bulk,  but  the  one  which  was  most  widely  carried  in 
ships  was  grain.  This  country  depended  for  food  upon  the  transport 
of  grain,  so  that  from  their  point  of  view  it  was  even  more  important 
than  the  transport  of  minerals.  Ho  noticed  that  the  Author  confined 
himself  strictly  to  certain  plant,  and  he  gathered  that  all  the  belt- 
conveyors  mentioned  were  trough-conveyors.  In  his  own  business 
they  used  many  flat  conveyors— that  is  to  say,  the  belt  ran  flat,  in 
addition  to  the  trough  type.  The  trough-belt  had  its  advantages, 
and  was  quite  right  for  dealing  with  ore,  but  when  dealing  with  grain 
the  advantages  were  not  so  pronounced.  Both  types  were  used,  the 
choice  depending  upon  the  conditions.  The  amount  of  work  that 
could  be  got  out  of  the  flat  belt  at  very  low  cost  was  really 
astonishing.  The  trough-belt  was  not  quite  so  perfect  because  it 
was  distorted  in  running,  but  with  the  flat  belt  there  was  practically 
no  distortion,  and  it  would  run  many  years  unless  a  mistake  was 
made  somewhere  in  the  supports.  The  trough-belt  gave  much 
greater  capacity  for  a  certain  width,  and  in  the  Ship  Canal  elevator, 
to  which  the  Chairman  had  referred,  there  were  trough-belts  in 
the  subway,  but  at  other  parts  of  the  elevator  there  were  fiat  belts. 
The  capacity  was  the  same.  The  trough-belt,  2-i  inches  wide,  and 
the  flat  belt,  30  inches  wide,  carried  200  tons  per  hour  at  750  feet 
a  minute.  Information  about  most  matters  connected  with  belt- 
conveyors  was  given  in  a  Paper  by  Mr.  James  Tinto,  read 
before  the  Manchester  Association  of  Engineers  in  1916.  Belts 
manufactured  by  Mr.  Tinto's  firm  according  to  the  specification 
given  in  that  Paper  were  very  reliable  ;  they  supplied  all  the 
conveyor-belts — about  three  miles  in  length — to  the  Ship  Canal 
No.  2  elevator. 

The  Chairman  mentioned  that  the  belts  wore  made  to  the  Ship 
Canal  Co.'s  specification. 

Mr.   Bentham    said  he  would  give  the  Ship    Canal  Co.  full 
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credit  for  that.  Those  belts  had  been  running  five  or  six  years  and 
none  of  them  had  been  changed.  Most  of  them  would  run  ten 
years  if  the  construction  was  all  right.  The  question  of  belts  was 
largely  governed  by  price. 

The  Chairman  said  that  the  Ship  Canal  Co.  had  some  flat  belts 
which  had  been  working  twelve  years  on  the  top  floor  of  No.  1 
elevator. 

Mr.  Bextham  said  there  was  no  doubt  that  a  flat  belt  would  run 
a  very  long  time,  providing  one  got  the  right  belt  to  start  with. 
There  was  one  point  in  the  comparison  between  grain  belts  and  those 
conveying  minerals.  The  former  did  not  wear  to  quite  the  same 
extent  or  get  the  cuts  that  the  ore  belt  was  likely  to  get;  and  the 
rubber  facing  was  much  thinner.  A  cover  .j\t  inch  was  considered 
fairly  thick  for  a  grain  belt,  "rt^hereas  the  Paper  referred  to  belts  with 
-f^  inch  of  rubber  on  the  working  face.  Some  belts  had  even  more 
than  that,  and  some  had  thicker  rubber  in  the  middle  than  at  the  side. 

The  speed  of  the  belt  was  another  aspect  of  the  subject  which 
the  Author  had  not  covered  fully.  He  mentioned  a  speed  of  500  feet 
a  minute,  which  was  quite  a  common  speed.  In  this  country  800  feet 
per  minute  was  run  on  grain,  and,  in  America  where  they  had  larger 
quantities  to  deal  with,  they  ran  with  bigger  belts  at  1,000  feet  per 
minute  on  grain.  Smaller  belts  were  not  run  at  so  high  a  speed. 
He  thought  that  was  rather  opposed  to  what  the  Author  suggested. 
Rubber  belts  3  feet  wide  were  run  up  to  1,000  feet  a  minute  in 
America,  but  with  24-inch  belts  the  speed  had  to  be  kept  down  or 
the  grain  would  scatter  off  the  belt.  Many  engineers  in  the  country 
had  a  feeling  that  they  must  have  very  large  pulleys  for  driving 
belts.  The  driving  pulleys  of  the  Ship  Canal  Co.'s  belts  were  mostly 
16  inches  in  diameter,  and  they  had  done  excellent  service  the  whole 
of  the  time,  in  spite  of  prophecies  of  absolute  failure.  His  experience 
generally  was  that  the  belt  tended  to  run  up  the  curving  rolls  on  the 
side  where  the  load  was  placed,  and  he  could  only  account  for  that 
by  the  same  theory  as  applied  to  a  crowned  pulley,  the  belt  bent 
slightly  round  the  troughing  roll  and  ran  up  that  side.     The  design 
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Of  the  carrying  rollers  was  very  important.  They  must  be  balanced 
if  run  at  high  speed.  He  himself  was  accustomed  to  kgher  speeds 
than  the  Author  ;  he  had  run  at  from  50  feet  to  1  000  feet,  whereas 
500  feet  was  about  the  Author's  maximum,  so  probably  he  attached 
more  importance  to  details  of  that  kind  than  Mr.  Smith  d,d  when 

lie  wrote  the  Paper.  i    ^  i,„ 

The  Author  got  to  the  heart  of  the  conveyor  problem  when  he 
spoke  of  the  feeding  hoppers.     He  was  in  America  last  year  and 
went  to  see  some  installations  of  grain  elevators.     He  .nqmred 
whether  thev  had  any  diffieulties  with  them,  and  partK^larly  asked 
about   the  -feed-hopper.     He   was    told   that   no    diffieul  y   wa 
experienced  with  them,  but  when  he  went  to  see  the  feed-hopper 
he  found  scarcely  a  single  instance  where  the  feed-hopper  had  not 
been  altered,  which  showed  that  there  had  been  severe  trouble  with 
them      Some  of  them  had  been  altered  once  and  then  altered  back 
again.     He  quite  agreed  with  the  Author  with  regard  to  havn^ 
smooth  plates.     It  was  a  point  that  was  sadly  neglected,  but  at 
made  all  the  difierence  when  one  was  moving  gram,  which  was 
almost  like  a  stream  of  water, 

Mr    W    G    Smith  said  the  Author  remarked  (page  6B)  that 
a  principal  reason  why  in  the  production  of  iron  and  steel  thas 
country  had  been  surpassed  by  the  United  States  and  Germany  was 
the  attention  they  had  paid  to  the  handling  of  materials  in  buDc 
by  special  machinerv.     There  were,  however,  many  other  factors  to 
be  taken  into  consideration.     In  his  opinion  the  primary  reasons 
were  c^reater  ore  deposits,  the  easy  working  of  minerals  which  were 
more  accessible,  and  the  consequent  cheaper  cost,  all  tendmgto  an 
increasing  production.     Long  distance  transport  of  minerals  m  the 
United  States  from  the  mines  to  the  reducing  centres,  was  of  course, 
a  disadvantage.     On  the  railways  it  had  necessitated  the  adoption 
of  larger  wagons-75  tons  capacity-and  on  the  lakes  and  rivers 
special  carriers.     The  loading  and  discharging  of  the  ores  reqmred 
specially  designed  machinery.     He  believed  that  the  machmery 
described  in  the  Paper  had  been  obtained  from  this  country,  which 
was  sufficient  tribute  to  our  up-to-date  knowledge. 
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He  thought  that  all  were  in  agreement  with  the  Author  that  a 
belt-conveyor  would  have  been  much  better  at  Sebabna  than  a 
bucket-conveyor,  and  more  economical,  both  in  working  and 
maintenance  costs.  It  was  difficult  to  understand  the  owner's 
lack  of  faith  in  a  belt-conveyor,  as  such  belts  had  been  in  use  all  over 
the  world  for  carrying  ore,  and  were  proved  and  established  before 
the  Sebabna  plant  was  erected.  He  was  in  agreement  with  the 
Author's  remarks  on  couveyor-belts  and  their  construction.  The 
specification  given  was  a  good  one,  and  very  similar  to  that  adopted 
at  the  Port  of  Manchester. 

The  Author  estimated  that  under  equal  conditions  a  hydraulic 
hoist  would  dump  4|  tons,  an  electrical  hoist  5|-  tons,  and  a  belt- 
conveyor  would  carry  Ih  tons  per  b.h.p.  This,  he  thought,  was 
open  to  doubt.  The  Author  had  shown  special  preference  to 
electrically-operated  belt-conveyors  and  coal  tips  as  against  hydraulic 
coal-tips.  This  was  entering  on  very  controversial  ground,  as 
experience  proved  that  the  adoption  of  the  several  classes  of 
machinery  depended  upon  the  special  conditions  which  obtained  ; 
under  these  circumstances  hydraulic  coal-tips  had  proved  equally 
efficient.  At  the  present  time  there  appeared  to  be  no  reason  for 
their  displacement.  The  Author  attached  too  much  importance  to 
the  displacement  of  the  double  coal-tip  at  Hull  by  belt-conveyors. 
The  coal-tips  were  erected  at  the  end  of  a  pier  or  jetty,  and  owing 
to  the  difficulty  in  working  the  wagons  to  and  from  the  tips,  due  to 
the  restricted  area  of  the  jetty,  belts  conveying  coal  from  the  shore 
were  adopted.  The  Port  of  Manchester,  with  its  properly  laid  out 
coal-basin,  had  proved  and  established  the  efficiency  of  coal-tips 
worked  hydraulically. 

With  regard  to  the  Durban  conveyor,  it  would  have  been 
interesting  if  the  Author  had  stated  why  a  coal-tip  would  not  have 
met  the  requirements  more  efficiently,  seeing  that  a  dumper  had  to 
be  installed  as  part  of  the  scheme.  The  only  apparent  advantage 
was  that  a  vessel  could  be  coaled  without  being  moved  in  the  berth, 
puch  movement  being  effected  readily  and  economically  by  the  ship's 
winches.  The  figures  given  by  the  Author  with  regard  to  this 
conveyor    would    not    permit    of    definite    examination    without 
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amplification.  The  plant  had  an  aggregate  provision  of  700  b.h.p. 
in  several  motors.  The  actual  current  consumed  on  the  average 
under  maximum  working  conditions  was  150  kw.,  equal  to  about 
200  e.h.p.  The  total  h.p.  apparently  was  much  in  excess  of 
the  actual  requirements,  hut  no  doubt  this  was  partly  explained 
by  the  intermittent  load  of  the  dumper  characteristic  of  this  class 
of  machine.  The  two  hoisting  drums  of  the  dumper  were  driven 
by  two  continuous  motors,  each  of  150  b.h.p.,  interconnected  through 
gearing  to  act  as  one  unit,  giving  a  maximum  rope  speed  of  100  feet. 
It  was  evident  that  this  h.p,  would  be  inadequate  ;  consequently  it 
could  only  be  assumed  that  the  load  was  lifted  through  multiple, 
purchases,  at  a  consequent  reduced  speed.  The  Author's  comparisons 
of  the  speed  of  loading  obtained  in  this  country  as  compared  with 
other  countries  (page  94)  were  in  the  nature  of  a  reflection,  but  when  it 
was  considered  that  the  railway  wagons  of  this  country  were  standard 
10  and  12  tons,  it  would  be  readily  conceived;  and  if  the  large  wagons 
referred  to  by  the  Author  were  adopted  here,  coal-tips  giving  an 
hourly  output  equal  to  the  figures  stated  by  the  Author  would  be 
easily  obtained.  The  special  trucks  in  use  in  America  were  used 
solely  for  conveying  ore  from  mines  to  reducing  centres,  whereas  in 
this  country  the  railway  wagons  were  used  for  general  purposes. 

Mr.  J.  W.  GoMERSALL  said  the  Paper  followed  a  remarkable 
Paper  read  by  Mr.  Thomas  Eobins  in  1896  before  the  American 
Institute  of  Mim'ng  Engineers,  and  a  further  Paper  contributed  by 
Messrs.  Robertson  and  Johnston  to  the  South  African  Institution  of 
Engineers  in  1916,  dealing  very  adequately  with  conveyors  in  general, 
which  were  an  important  element  in  the  South  African  goldfields. 
In  that  Paper  details  were  given  which  had  been  omitted  by  the 
Author,  but  touched  upon  by  Mr.  Bentham,  namely,  belting  plies, 
the  driving  of  the  belts  and  their  form.  The  ordinary  trough-belt 
had  been  too  deeply  troughed.  Modern  practice  had  been  to  decrease 
the  troughing  and  to  widen  the  belt,  letting  the  speed  take  care  of 
itself  for  the  time  being. 

He  noticed  in  the  illustrations  that  the  coal  and  ore  conveyor- 
belts  were  covered  or  roofed  in  by  galvanized  plates  to  keop  out  the 
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moisture,  because  wliere  there  was  moisture  excessive  wear  on 
the  belts  occurred.  In  a  Paper  on  Wire  Ropes  read  by  Mr.  A.  S. 
Biggart  *  when  the  Forth  Bridge  was  being  erected,  it  was  stipulated 
that  the  pulleys  should  be  at  least  thirty  times  the  diameter  of  the 
rope.  Something  like  that  should  be  done  on  broader  lines  with  a 
belt.  Rubber  obeyed  all  the  laws  in  regard  to  elasticity,  but  it 
could  not  be  expected  to  go  round  a  sharp  corner. 

Mr.  C.  P.  KiNiXMONTH  said  he  would  like  to  ask  a  question  about 
the  Durban  loading  plant,  Fig.  16,  Plate  G.  The  fixed  conveyor 
was  brought  a  considerable  distance  back  from  the  edge  of  the 
wharf  and  communication  was  made  to  the  ship  by  means  of 
a  travelling-cross  belt.  He  would  like  to  know  why  the  belt 
bridge  was  not  put  at  the  edge  of  the  wharf,  thus  dispensing 
with  the  travelling  conveyor.  One  would  suppose  that  the 
wharf  was  intended  for  other  traffic  besides  the  loading  of  coal 
and  similar  material,  but  that  point  was  not  made  clear  in  the 
Paper. 

With  regard  to  the  unloading  of  ships,  which  was  dealt  with  in 
the  description  of  the  plant  at  Han-Yeh-Ping,  he  was  particularly 
interested  as  to  the  future  developments  of  ship  discharging.  The 
Author  was  non-committal  on  that  point,  but  Mr.  Parker  went 
rather  more  fully  into  the  possibility  of  ocean  going  ships  beiii" 
ultimately  constructed  fitted  with  appbances  for  discharging 
themselves  by  means  of  belts  and  elevators.  If  the  conditions 
permitted,  he  did  not  suppose  English  engineers  and  shipbuilders 
would  hesitate  very  long  before  they  had  designed  a  perfectly 
satisfactory  ship  to  do  that,  but  it  must  be  borne  in  mind  that 
there  were  serious  obstacles  in  the  way.  The  shipowners  themselves 
were  perhaps  the  chief  obstacle,  because  they  did  not  care  to  invest 
much  capital  in  a  ship  which  might  only  be  used  for  one  kind  of 
traffic.  There  was  also  the  great  difficulty  with  the  watertight 
compartments,  which  in  an  ocean-going  ship  would  necessitate 
constructing  the  ship  so   that  every  hold  was   a  separate  self- 

*  Proceedings,  Inst.C.E.,  1890,  vol.  ci,  page  231. 
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discharging  entity.  On  the  Great  Lakes  there  was  a  much  better 
opportunity  because  the  ship  had  one  hold,  however  large  it 
might  be. 

In  this  speculation  on  the  possible  developments  in  ship  unloading 
of  bulky  materials,  the  Author  appeared  to  favour  grabs.  Mr. 
Bentham  had  pointed  out  that  the  grab  had  to  be  7  tons  in  weight 
to  lift  4  tons  of  ore.  After  elevation,  to  complete  the  horizontal 
travel,  50  tons  of  machinery  had  to  be  moved  along  the  transporter. 
He  could  not  help  feeling  that  the  future  of  discharging  did  not  lie 
with  the  grab  but  lay  rather  with  continuous  systems,  such  as  the 
bucket-elevator  and  the  pneumatic  plant.  His  firm  recently  designed 
a  bucket-elevator  for  handling  and  discharging  iron-ore,  which 
could  be  made  to  reach  any  part  of  the  hold  of  an  ocean-going 
vessel.  The  elevator — which  was  carried  by  a  balanced  arm  in  the 
ordinary  way — was  capable  of  being  revolved  by  power  about  its 
own  vertical  axis,  and  the  lower  portion  of  it  was  capable  of  being 
canted  up  at  an  angle,  hydraulically  or  otherwise.  By  a  combination 
of  those  movements,  the  whole  of  the  bottom  of  the  hold  could  be 
Covered. 

Another  problem  his  firm  were  asked  to  solve  was  the  discharging 
of  run-of-mine  coal  as  received  at  South  Country  ports.  All 
the  small  coal  could  be  handled  quite  well  by  the  pneumatic 
system  ;  the  big  lumps  naturally  could  not  be  dealt  with.  They 
designed  a  machine  which  would  carry  a  very  large  pipe  capable  of 
permitting  the  passage  of  perhaps  7-inch  or  8-inch  lumps  and  at  the 
same  time  carrying  a  nozzle.  This  machine  was  provided  with 
a  coal-breaker  and  an  appliance  to  pick  out  the  big  lumps  and 
put  them  into  the  coal-breaker.  First  of  all  the  pipe  got  to  the 
bottom  of  the  ship.  Then  the  structure  carrying  the  nozzle  would 
run  up  and  down  the  bottom  of  the  bank  of  coal  that  was  formed 
when  the  pipe  had  reached  the  bottom,  sucking  away  all  the  small 
stuff,  pitching  the  lumps  into  this  breaker,  and  passing  it  from  the 
breaker  into  the  pipe  again. 

The  Chairman  asked  as  to  the  size  of  the  lumps  which  would  be 
taken  by  the  suction  system. 
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Mr.  KixlNMOXTH  replied  that  it  gathered  all  small  coal  up  to 
6-inch  or  7-inch  lumps,  and  that  a  quarter  of  a  cubic  foot  could 
be  handled,  provided  there  was  a  large  proportion  of  small  material. 

Mr.  F.  T.  Parker  said  the  discussion  had  developed  along  the 
lines  expected,  as  the  title  of  the  Paper  allowed  more  latitude  than 
the  Author  anticipated.  Nevertheless,  it  showed  more  than  a  passing 
interest  in  the  subject. 

In  addition  tothe  Papers  referred  toby  Mr.  Gomersall  (page  l-il) 
he  would  also  refer  him  to  another  read  by  Messrs.  Mooney  and 
Darnell  *  before  one  of  the  American  Mining  Institutes.  It 
was  written  by  men  connected  with  a  large  belt-making 
concern,  but,  like  others,  was  open  to  criticism  and 
reservations.  Some  engineers  here  held  the  view  that  our 
conveyor-belts  were  not  up  to  the  best  American  standard,  and 
he  concurred  in  this.  Climatic  conditions  appeared  to  favour 
Aniorican  manufacturers.  But  the  onerous  conditions  under 
wliich  belts  had  sometimes  to  work  were  now  better  appreciated 
l)y  our  makers,  and  there  had  been  a  decided  improvement  in  the* 
build  and  manufacture  of  these  belts  of  late  years.  They  had, 
however,  to  be  better  still  to  compete  with  those  mentioned. 

The  records  of  belt  performances  j^ublished  in  the  American 
Press  were  apt  to  prove  misleading,  as  upon  closer  examination  they 
were  no  better  than  those  obtained  elsewhere.  He  had  noticed  a 
tendency  carefully  to  omit  information  to  permit  of  fair 
comparisons.  Rapid  progress  had  been  made  in  this  country, 
as  not  only  had  British  firms  more  than  held  their  own  iu 
competition  from  all  sources,  but  they  had  also  shown  the  way  in 
dealing  with  some  of  the  problems  as  they  had  arisen. 

Comparisons  were  sometimes  also  apt  to  be  misleading,  and  he 
felt  it  important  enough  to  reiterate  the  importance  of  taking 
into  consideration  the  question  of  environment.  It  played  a  very 
large  part  in  the  solution  of  handling  problems,  especially  here,  and 
was  not  sufficiently  appreciated  by  those  without  expert  knowledge 
of  the  subject. 

♦  Ameiicau  Inst,  of  Mining  Engineers,  Sept.  1915, 
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The  figures  in  the  Appendix  were  derived  from  empiriral  formulse 
computed  by  the  Author,  and  were  based  upon  a  large  amount  of 
data  he  claimed  to  have  collected  in  the  actual  running  of  plants 
under  everyday  working  conditions.  The  speaker  had  stated 
elsewhere  that  he  was  not  in  agreement  with  the  Author,  but  it  did 
not  alter  the  fact  that  these  figures  were  given  without  bias,  and  for 
that  reason  alone,  apart  from  any  other  consideration,  they  deserved 
to  be  closely  examined.  The  Author  had  attempted  to  deal  with 
this  question  in  a  rational  manner,  although  his  results  were  only 
empirical.  This  rational  treatment  might  well  be  developed,  not 
by  taking  factors  to  cover  smalls,  mixed,  or  lump  material  only,  but 
by  the  introduction  of  the  actual  size  of  the  material  to  be  conveyed 
as  an  average,  a  suitable  coefficient  of  solidity,  and  a  factor  to  allow 
for  normal  average  conditions  of  feed  and  labour,  so  far  as  this 
latter  was  humanly  possible.  It  was  to  be  hoped  that  an  attempt 
would  be  made  along  these  lines,  as  it  would  be  of  service  to  those 
contemplating  the  installation  of  this  class  of  plant,  and  guide  them 
in  checking  statements  made  by  interested  parties. 

Mr.  Gomersall  had  doubtless  heard  of  a  clause  wherein  it  usually 
stated  that  a  belt  running  at  a  certain  speed  would  deliver  "  at  the 
rate  of  "  so  many  tons  per  hour.  Other  clauses  were  usually  intro- 
duced into  belt  contracts.  The  speaker  admitted  these  clauses  were 
fair  ones  from  the  suppliers'  point. 

One  or  two  actual  results  might  prove  of  interest.  Three  steamers 
were  loaded  on  three  consecutive  days  by  one  of  the  plants  shown 
on  the  screen  that  evening.  Loading  began  in  the  morning  and 
finished  the  same  evening,  a  desideratum  with  open  road  loading. 
The  steamers  were  of  3,100,  4,300,  and  4,900  tonnage  respectively. 
The  average  rate  of  loading  in  the  same  sequence  was,  430,  572,  and 
450  tons  per  hour,  consequently,  as  the  plant  was  installed  for  a 
duty  of  400  tons  per  hour,  the, results  were  30,  172,  and  50  tons  in 
excess  of  the  quantity  required.  A  marked  difference  would  be 
noted  between  the  first  and  third,  as  compared  with  the  second 
result.  This  was  due  to  stoppages  for  changing  over  hatches. 
During  this  time  the  weather  was  fine,  but  it  was  necessary  to  mention 
that  as  the  storage  was  an  open  one,  rains  had  a  bad  effect,  with  the 
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result  that  the  plant  had  been  known  to  deliver  at  an  average  rate 
below  the  400  toiis  per  hour. 

He  had  noticed  that  several  members,  both  present  and  in 
London,  had  drawn  attention  to  the  weights  of  the  moving  load 
and  grab  of  the  imloading  transporter  plant  at  Han-Yeh-Ping. 
The  speaker  would  endeavour  to  clear  this  up.  He  thanked  them 
on  behalf  of  the  Author  for  their  kind  reception. 

The  Chairman  said  they  must  be  careful  not  to  be  carried  away 
]\V  wliat  was  said  about  the  grab  being  forced  down  into  tlie  ore. 
Wlien  dealing  with  some  ore,  if  the  grab  were  forced  down,  it  might 
go  through  the  ship's  bottom.  With  reference  to  the  Lake  boats, 
of  which  Mr.  Kininmonth  spoke  as  having  a  big  hatch  going  the 
whole  length  of  the  ship,  there  was  no  Board  of  Trade  mark  for 
those  boats.     It  would  be  different  if  they  were  in  England. 

Votes  of  Thanks  to  the  Author,  to  Mr.  Parker  for  presenting 
the  Paper,  and  to  the  Chairman  for  presiding,  were  carried. 


Communications. 

Mr.  W.  H.  Atherton  wrote  that  it  would  be  interesting  to  learn 
the  names  of  the  firms  which  made  the  fine  plants  described  in  the 
Paper.  The  plates  were  of  exceptional  magnitude  and  quite  out 
of  the  ordinary  run  of  everyday  engineering  practice  ;  but  the 
tendency  for  some  )'ears  had  been  in  the  direction  of  still  larger 
plants.  The  circumstances  in  which  it  was  necessary  to  handle 
any  material  at  the  rate  of  2,000  tons  per  hour  (page  82),  would 
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.«uroly  be  vory  rare  indeed.  One  wondered  how  the  ore  was  to 
l)e  fed  to  the  conveyor  and  removed  from  the  neif;hbourhood  of 
the  delivery  point  at  that  prodigious  rate  of  working.  He  thouglit 
that  it  would  he  better  to  install  duplicate  conveyors  in  parallel 
tha*i  to  rely  entirely  on  a  single  very  large  conveyor,  thus  risking 
a  total  hold-up. 

In  the  year  1897  the  Author's  firm  made  a  shallow-troughed 
belt-conveyor  of  333-feet  centres,  30  inches  wide,  for  the  Sheffield 
Gasworks,  having  a  capacity  of  80  tons  of  coal  per  hour  at  a  speed 
of  200  feet  per  minute,  and  this  was  then  thought  to  be  a  large 
conveyor.  Even  to-day  in  British  gasworks  and  power  stations 
there  was  practically  no  demand  for  conveyors  exceeding  80  tons  per 
hour  capacity.  Xo  colliery  and  no  gasworks  known  to  the  writer 
in  this  country  had  ever  called  for  a  larger  moving  capacity  in  a 
single  conveyor  than  600  tons  of  coal  per  hour,  which  was  quite  an 
exceptional  figure. 

The  preference  of  the  Author  for  conveyors  of  the  belt  type  was 
no  doubt  quite  justified  in  the  case  of  conveyors  of  such  excejitional 
capacity  as  he  had  mentioned.  Up  to  a  capacity  of  about  100  tons 
per  hour,  however,  a  good  case  could  be  made  out  for  chain-belt 
conveyors  running  at  a  slow  speed,  standard  chains,  wheels  and 
buckets  being  available.  Indeed,  the  writer's  firm  had  successfully 
constructed  inclined  continuous  bucket  chain  elevators  of  the  total 
vertical  lift  of  150  feet  and  with  a  capacity  of  250  tons  of  crushed 
rock  per  hour.  The  Ley  bushed  chains  for  these  elevators  were 
12  inches  pitch,  and  had  already  worked  eleven  years  without 
being  renewed,  the  pins  and  bushes  being  of  hardened  steel. 

The  bucket-conveyor  at  the  Sebabna  Mines  for  shipping  iron- 
ore  was  a  very  interesting  plant  of  exceptional  capacity.  It  was 
stated  in  the  Paper  that  the  length  was  594  feet  between  centres, 
and  that  the  capacity  of  the  bucket  was  half  a  ton  ;  but  the  length 
of  the  buckets  was  not  stated.  It  would  be  instructive  to  know 
what  was  the  chain  speed,  the  pitch  of  the  chain,  and  the  total 
capacity  of  the  conveyor  in  tons  of  iron-ore  per  hour.  The  auxiliary 
conveyor  appeared  to  be  about  42-feet  centres,  and  afforded  a  means 
of  giving  a  variable  point  of  delivery.    One  alternative  would  have 
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boon  lo  use  a  tipping-bucket  conveyor,  and  another  a  tipping-tray 
conveyor.  If  a  belt-conveyor  had  been  adopted,  the  alternative 
to  the  auxiliary  conveyor  would  have  been  either  a  travelling 
throw-off  carriage  or  a  series  of  fixed  dumpers. 

It  was  stated  (page  87),  that  all  inclined  conveyors  should*  be 
driven  through  worm-gearing  to  overcome  any  tendency  of  the  belt 
to  run  back  when  stopped  in  an  overloaded  condition.  This  was  open 
to  question,  because  ordinary  worm-gears  were  less  efficient  for 
transmitting  power  than  spur-gears,  and  were  therefore  wasteful 
of  power.  Moreover,  if  a  multiple  threaded  worm  of  high  mechanical 
efficiency  were  used,  this  would  not  be  effective  in  preventing  running 
back.  What  was  the  objection  to  using  a  ratchet-wheel  and  pawl, 
or  a  friction-pawl  and  wheel  ?  Either  of  these  would  permit  of  a 
train  of  reducing  gear  of  high  efficiency,  and  yet  prevent  running 
back. 

Keferring  to  the  Durban  belt-conveyor  (page  91),  it  was  stated 
that  a  48-inch  belt  had  a  maximum  capacity  of  800  tons  of  coal  per 
hour.  This  seemed  a  very  high  capacity  for  a  48-inch  belt,  and 
the  writer  would  prefer  a  wider  belt  with  shallower  troughing  and 
run  at  a  slower  speed.  To  get  maximum  durability  out  of  a  conveyor- 
belt,  it  should  be  run  flat  and  not  troughed  ;  also  to  get  maximum 
carrying  capacity  out  of  a  belt  of  given  width,  it  should  be  deeply 
troughed,  and  in  this  way  the  first  cost  could  be  reduced  greatly. 
To  get  a  reasonable  compromise,  the  belt  should  be  run  with  shallow 
troughing  only.  The  radius  of  the  trough  might  be  made  equal  to 
the  width  of  the  belt,  rather  than  the  width  divided  by  1-3.  In 
like  manner,  to  get  the  maximum  capacity  out  of  a  belt,  one  had 
to  run  it  at  a  high  speed,  but  to  get  maximum  durability  it  should 
be  run  at  a  rather  slow  speed.  The  compromise  in  this  case  was  to 
install  variable-speed  motors  and  run  the  belt  at  as  slow  a  speed 
as  the  hourly  requirements  permitted,  the  highest  speed  being  kept 
in  reserve  to  meet  the  peak  load.  Thus  the  dual  requirements  of 
relatively  low  first  cost  and  high  durability  were,  as  far  as  feasible, 
both  satisfied. 

As  regards  the  relative  capacity  of  belt-conveyors  of  large  width, 
it  was  noteworthy  that  the  tonnage  capacity  did  not  vary  simply 
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in  proportion  to  the  width,  but  as  the  square  of  the  width.  Thus, 
if  a  20-inch  belt  were  compared  with  a  40-inch  belt,  both  fully- 
loaded,  the  latter  would  carry  four  times  as  much  coal  as  the 
former  at  the  same  speed.  On  the  other  hand,  the  capacity  was 
directly  proportional  to  the  speed  ;  so  that  a  belt  running  at  400 
feet  per  minute  would  carry  twice  as  much  coal  as  a  belt  running 
200  feet  per  minute,  assuming,  of  course,  that  the  belt  was  kept 
uniformly  loaded,  instead  of  there  being  wide  gaps  of  bare  belt 
with  patches  of  coal  here  and  there.  The  speed  must  not  be  so 
excessively  high  that  the  fine  coal  would  Lc  blown  ofi  the  belt  by 
contact  with  the  air. 

Mr.  J.  M.  Henderson  wrote  that  a  plant  for  transporting  and 
loading  iron-ore  into  vessels  similar  to  that  at  the  Sebabna  Mines 
was  erected  at  Sadouna,  in  Algeria,  about  fourteen  years  ago.  The 
aerial  ropeway  at  Sadouna  was  four  and  a  quarter  miles  long,  and 
could  handle  20  tons  per  hour  in  individual  loads  of  5  cwt.  This 
line  was  on  the  single-rope  system  and  was  also  worked  in  conjunction 
with  a  cantilever-conveyor  arranged  similarly  to  the  conveyor 
described  by  the  Author.  In  view  of  the  trouble  experienced  with 
the  bucket-conveyor  in  surging,  the  writer  thought  the  Author 
was  right  in  stating  that  the  belt-conveyor  was  more  suitable  for 
installations  of  this  kind.  The  capacity  of  the  conveyor  at  Sadouna 
was  sufficient  to  enable  boats  of  1,500-tons  capacity  to  be  loaded  in 
one  day. 

As  an  example  of  aerial  ropeways  loading  ships  without  the 
use  of  a  mechanical  conveyor,  the  aerial  ropeway  at  Craster, 
Northumberland,  might  be  cited.  This  ropeway  conveyed  crushed 
stone  and  road  metal  from  a  breaking  plant  to  the  top  of  large  bunkers 
erected  on  the  pierhead  of  the  harbour.  The  road  metal  was 
transferred  directly  from  the  bunkers  to  the  vessel,  being  loaded  by 
means  of  inclined  shoots.  The  capacity  of  the  ropeway  was  about 
40  tons  per  hour,  the  individual  loads  being  about  6  cwt. 

There  was  an  installation  of  the  double-inclined  or  "Jig-Back  " 
gravitation  ropeway  at  Duke's  Grain  AVarehouses,  Liverpool,  Fig.  34, 
Plate  10.    The  span  was  150  feet,  capacity  about  30  tons  per  hour 


150  MECHANICAL    LOADING   OF    SHIPS.  Jan.  1921. 

(Mr.  J.  :\L  Henderson.) 

in  individual  loads  of  10  cwt.  net.  The  ropeway  was  used  for 
transferring  grain  from  the  upper  floor  of  a  warehouse  to  storage 
bunkers  placed  on  the  quay  side.  From  the  latter  it  was  transferred 
to  the  vessel  through  a  shoot.  An  aerial  cableway,  as  installed  for 
loading  and  unloading  vessels  at  the  docks,  Rio  de  Janeiro,  was 
shown  in  Fig.  35,  Plate  10. 

Overhead  runways  were  extensively  used  for  loading  and 
unloading  vessels.  An  example  of  an  installation  of  this  description 
was  to  be  found  at  a  wharf  on  the  River  Po,  Italy.  This  runway, 
which  was  provided  with  a  branch  extension  arranged  to  serve  a 
coal  store,  had  a  length  of  265  feet,  and  was  capable  of  dealing  with 
a  load  of  2  tons.  A  hoisting  and  travelling  carriage,  travelling  at 
at  speed  of  300  feet  per  minute  and  hoisting  the  full  load  at  40  feet 
per  minute,  was  provided. 

In  referring  to  grab-transporters,  the  Author  mentioned  the 
possibility  of  running  a  number  of  hoisting  and  travelling  carriages 
round  an  endless  track.  This  was  a  common  arrangement  with  a 
fixed  structure  and  could,  undoubtedly,  be  applied  to  a  moving 
structure  for  loading  vessels  in  certain  cases.  Transporters  described 
by  the  Author  appeared  to  have  been  designed  exclusively  for 
handling  bulk  material,  and  possibly  where  such  large  quantities 
of  materials  had  to  be  dealt  with,  the  very  great  weight  of  the 
structures  and  of  the  moving  load,  compared  with  the  useful  load, 
was  a  matter  of  less  importance.  The  fact  might  be  noted  that  in 
the  case  of  the  Han-Yeh-Ping  transporter,  in  which  the  total  weight 
of  the  machine  was  680  tons,  the  load,  which  had  to  be  moved 
backwards  and  forwards  each  time  the  grabs  were  filled,  was 
100  tons,  and  the  useful  load  of  materials  was  apparently  20  tons 
only.  Where  material  was  handled  by  grabs,  the  useful  load  was 
usually  small  in  comparison  with  the  moving  load,  but  where  grabs 
were  not  employed,  the  proportion  could  be  much  greater. 

Aerial  ropeways  worked  in  conjunction  with  conveyors  were 
suitable  for  loading  ships  with  bulk  material  in  large  quantities, 
but  were  not  usually  applicable  to  handling  miscellaneous  cargo, 
for  which  purpose  machinery  with  a  hoisting  unit  was  necessary. 
Also,  in  such  cases,  the  quantities  dealt  with  were  usually  smaller 
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and,  if  mechanical  means  were  to  be  employed,  a  less  expensive 
installation  was  required.  The  conditions  were,  in  such  cases, 
most  often  met  by  cranes  of  various  descriptions  but,  to  satisfy 
certain  conditions,  aerial  cableways  had  been  employed.  Those 
might  be  arranged  either  so  that  one  support  extended  from  the 
quay  and  overhung  the  ship,  or  with  the  outer  support  erected  on 
a  foundation  in  the  sea  so  that  the  ship  could  be  moored  between 
this  support  and  the  quay.  Many  installations  of  both  those  typos 
had  been  erected  in  various  parts  of  the  world. 

Mr.  F.  G.  Mitchell  wrote,  in  continuation  of  his  remarks  at 
the  Meeting  (page  123)  that,  during  the  discussion  upon  the  Paper, 
attention  had  been  drawn  to  the  statement  that  the  travelling 
machinery  in  connexion  with  the  Han-Yeh-Ping  ore  unloading 
transporters  weighed  100  tons,  while  the  amount  of  ore  lifted  at 
each  operation  only  amounted  to  between  4  and  5  tons.  It  would 
be  noted  that  the  Author  definitely  stated  that  the  two  grabs  and 
attendant  machinery  weighed  nearly  100  tons.  Actually,  the  weight 
of  each  travelling  carriage,  with  its  empty  grab  complete,  was 
under  40  tons — which  included  every  item  of  mechanism  necessary 
for  unloading  the  ore  and  discharging  into  the  receiving  bunkers. 
The  proportion  between  the  weight  of  the  machinery  and  the  ore 
handled  was  not  excessive  when  it  was  remembered  that  the 
carriage  was  able  to  revolve  as  well  as  travel  along  the  track,  that 
the  weight  included,  in  addition  to  the  machinery,  the  roller  path 
for  the  revolving  motion,  all  structural  work  of  the  carriage, 
and  the  motors,  resistances,  controllers,  etc.,  for  the  complete 
mechanical  and  electrical  equipment. 

The  reason  the  slewing  motion  was  added  to  the  travelling 
carriage  was  to  give  the  grab  a  wider  range  of  operations  in  the 
direction  fore  and  aft  of  the  boats,  without  the  necessity  of  moving 
the  boats  or  the  transporter.  It  was  found  that,  for  this  particular 
installation,  it  was  a  decided  economical  advantage  to  carry  the 
extra  weight  necessary  for  the  provision  of  the  revolving  machinery, 
rather  than  to  expend  time  and  power  in  moving  the  boats  or  the 
transporter,   and  although  the  travelling  load  did   equal  about 
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40  tons,  compared  with  4  to  5  tons  of  ore  loaded  per  journey,  the 
power  required  for  travelling  this  load  at  the  comparatively  high 
speeds  necessary  was  only  30  h.p.  Considering  that  this  power 
was  only  applied  for  short  periods  during  each  operation,  the  actual 
consumption  of  power  for  travelling  the  load  represented  a  very 
small  item,  and  in  practice  approximately  5  B.T.U.,  which  it  would 
be  noted  was  a  very  low  figure  for  the  conveyance  of  the  ore  from 
the  boat  to  the  bunkers,  and  probably  less  than  any  other  possible 
method. 

Mention  was  made  in  the  Paper,  and  by  various  members  during 
the  discussion,  of  high-capacity  tipplers  for  rapidly  discharging 
wagons.  It  was  interesting  to  note  that  the  earliest  of  the  large 
tipplers  mentioned  during  the  discussion  was  actually  manufactured 
in  this  country,  and  had  been  tipping  wagons  up  to  40  tons  capacity 
successfully  for  twenty  years  at  the  maximum  rate  of  about  twenty- 
five  per  hour.  Tipplers  of  such  a  high  capacity  were  not  possible 
in  this  country,  as  trucks  over  the  standard  12-ton  size  were  not  in 
general  use,  but  tipplers  were  being  erected  in  this  country  for  this 
size  of  wagon  of  the  same  general  design  as  those  described  in  the 
Paper,  and  an  illustration  of  one  of  these  was  shown.  Fig.  36,  which 
was  now  ncaring  completion  for  the  L.  and  N.  W.  Railway  Co.,  for  the 
purpose  of  loading  locomotive  engines.  The  Great  Eastern  Railway 
Co.  were  installing  a  truck-tippler  for  20-ton  wagons  arranged  to 
tip  one  wagon  per  minute — illustrating  that  this  country  was  in  no 
way  behind  Continental  or  American  competitors  with  this  class 
of  machinery. 

Both  for  unloading  and  loading  ships  with  general  and  mixed 
cargoes,  the  automatic  telpher  plant  would  undoubtedly  be  very 
greatly  used  in  the  near  future,  as  by  the  latest  devices  it  was 
possible  to  unload  a  steamer  and  deliver  the  load  quite  automatically 
into  that  portion  of  the  store  or  quay  where  it  had  been  arranged 
to  receive  it.  Such  a  plant  would  consist  of  a  travelling  tower 
running  along  the  quay  front,  with  a  hinged  arm  which  could  plumb 
any  steamer-hold.  A  fixed  connecting  track  would  be  arranged 
parallel  with  the  track  of  this  travelling  tower,  and  connected 
with  tracks  leading  to  the  various  stores  and  sidings  that  had  to  be 


.Tax.  1D21. 


MKCHANICAL    UtADING    OF    SHITS. 


153 


Fig.  30. — General  Arrangement  of  Truck  Tippler  (^Mitchell) 
for   Standard  Railway  Wagons. 
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fed  from  the  quay.  On  this  track  several  telj^her-cars  would  be 
arranged  running  always  in  one  direction,  and  when  empty  stopping 
on  the  tower  ready  to  receive  the  load.  A  driver  was  stationed  on 
the  unloading  tower,  and  he  had  control  of  the  particular  telpher 
carriage  that  was  then  on  the  overhanging  boom.  He  lowered 
the  hook  to  which  the  load  was  to  be  attached.  When  the  load  was 
hoisted,  he  dispatched  that  telpher  to  the  particular  store  for  which 
the  load  was  intended,  and  the  next  telpher-car  immediately  and 
automatically  took  its  place  on  the  boom  ready  for  loading  by  tlie 
same  driver.  When  the  telpher-car  reached  its  destination,  it 
stopped  automatically  and  was  unloaded  by  the  attendant  in  the 
store,  and  when  unloaded  returned  again  automatically  to  the 
tower  to  be  loaded  again.  Any  number  of  telphers  could  be  run 
on  such  a  system,  and  by  this  arrangement  all  labour  for  loading, 
unloading,  shunting,  etc.,  was  done  away  with,  and  the  goods 
delivered  exactly  where  required  without  attention.  Automatic 
telphers,  similar  to  those  required  for  such  a  plant,  were  now  in 
course  of  manufacture,  and  when  in  operation  would  undoubtedly 
represent  a  considerable  advance  in  the  "  Mechanical  Loading  of 
Ships." 

Mr.  William  H.  Patchell  (Member  of  Council)  wrote  that  the 
Paper  as  printed  was  very  interesting  and  would  be  useful.  As  one 
who  had  been  privileged  to  see  and  report  on  the  Paper  as  first 
received,  he  thought  it  was  only  due  to  the  Author  to  say  that 
exigencies  of  space  and  cost  of  printing  had  caused  what  was,  in  the 
writer's  opinion,  a  regrettable  diminution  in  the  value  of  the  Paper. 
The  original  draft  contained  many  points  of  great  interest  and 
helpfulness  to  anyone  who  had  to  handle  and  erect  machinery  in 
the  field-.  These  and  other  interesting  details  had  been  lost  in  the 
process  of  "  editing." 

Mr.  T.  M.  Ritchie  wrote  that  while  fixed  and  semi-fixed 
conveyors  were  largely  used,  the  adaptation  of  a  portable  machine 
was  comparatively  new.  The  advantages  of  the  portable  equipment 
were  obvious,  in  view  of  the  varying  size  of  the  vessels,  and  position 
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of  the  hatches,  while  the  loading  operation  miglit  be  carried  on 
without  relation  to  fixed  plant.  The  comparatively  low  first  cost  and 
running  charges  also  recommended  this  form  of  transportation  plant. 
Fig.  37  showed  a  scheme  of  handling  manganese  ore  at  a  Russian 

Fig.  37. — Hchemc  for  Loading  Manganese  Ore  hy  Four  Portable  Conveyors  : 
capacity  of  each,  80  tons  per  liour. 


OADtNG     INTO    SHIP 


SCftLE    i     =    1  FOOT 


Elevation  showing  Conveyors  used  in  series. 

port,  from  wagons  to  ship,  and  the  means  adojjted  for  storing 
and  reclaiming  material  at  the  quay  side.  The  plant  consisted  of 
four  conveyors,  each  fitted  with  elevating  mast  and  swivelling  axle, 
and  the  value  of  these  features  and  flexibility  of  the  arrangement 
could  be  better  followed  from  the  drawing  than  by  description.  Of 
special  interest  was  the  elevating  mast,  which  regulated  the  point  of 
discharge  to  accommodate  the  trim  of  the  ship  and  state  of  the  tide. 
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The  material  was  shovelled  from  the  wagons  to  the  hopper  of  the 
conveyor,  the  belt  being  18  inches  wide  and  having  a  capacity  of 
80  tons  per  hour.  The  total  weight  of  the  conveyor,  as  shown,  was 
approximately  2  tons. 

A  necessary  feature  in  the  design  of  this  type  of  conveyor  was 
to  obtain  maximum  strength  and  light  yet  robust  construction  to 
withstand  the  arduous  service  demanded.  In  the  great  majority 
of  conveyors  this  point  had  been  entirely  overlooked,  with  the 
result  that  the  conveyor,  due  to  the  weight,  ceased  to  be  really 
]3ortable.  Although  the  starting  torque  was  very  high,  the  power 
required  to  drive  conveyors  was  frequently  overestimated.  On 
a  recent  test  the  following  figures  were  obtained  : — 30-foot  portable 
machine,  at  an  angle  of  30°,  conveying  25  tons  of  rock  phosphate 
per  hour,  starting  torque  machine  em2>ty,  2'88kw.  ;  running  full 
load,  0-38  kw. 

With  regard  to  the  problem  of  unloading  vessels  by  conveyors, 
the  machine  illustrated  could  be  employed  by  carrying  the  hopper 
over  the  hatch  and  feeding  from  the  hold  by  a  dredging  elevator. 
There  was  a  considerable  difference  between  the  two  problems  of 
loading  and  unloading,  and  were  the  vessel  regularly  engaged  in  this 
traffic,  the  saving  of  time  and  labour  effected  w^ould  justify  the  cost 
of  handling  plant  being  carried  by  the  ship  specially  designed  to 
suit  the  circumstances,  in  the  same  manner  as  at  present  it 
carried  deck  winches,  etc. 

Mr.  A.  Smart  wrote  that  he  ventured  to  suggest  that  the 
empirical  formula)  given  by  Mr.  Smith  could  be  replaced,  when  the 
conveyance  of  minerals  was  being  considered,  by  more  rationalized 
formulse.  From  information  the  writer  had  been  able  to  find  on 
belt-conveyors  and  from  rational  consideration  of  the  subject,  it 
would  appear  that  the  quantities,  in  cubic  feet  and  in  tons  per 
hour,  which  t;ould,  in  practice,  be  successfully  conveyed  on  belts, 
would  be  given  very  nearly  by  the  following  formulte  : — 

Volume  conveyed  per  hour  in  cubic  feet  .     V  =  - — ^^J — 

2  •  ODD 

Weight  conveyed  per  hour  in  tons  .  .     T  =      "uts^^ — 


JA^•.  l'j2i.  iiiiciiA.SicAL  LoAdIKU  of  sillPS.  •  1^7 

These  formuht-  hail  been  arrived  at  as  follows:  — 
Let  B    =  width  of  belt  in  inches. 

R    =  radius  of  trough  of  belt  in  inches. 
A    =  area  of  trough  of  belt  in  square  feet. 
j^^  =  coefficient  for  area  of  trough  of  belt  so  that  A  =  K„  B^. 
,,   S     =  speed  of  belt  in  feet  per  minute. 
„    G    =  specific  gravity  of  the  material. 

^^  =  coefficient  of  solidity  of  the  material  conveyed— 

Volume  of  the  material  in  the  solid 

~  Volume  eccupiecTby'same  material  when  broken' 

"SI   =  size  in  inches  of  the  material  conveyed,  that  is,  space 
between  bars  of  screen  or  grizzley  through  which 
largest  pieces  pass. 
K,  =  efficiency  for  the  evenness  of  the  feed  to  the  belt. 
,'    a>     =  weight  in  tons  of  one  cubic  foot  of  the  material,  as  in 
bins  or  heaped  (not  in  the  solid). 
Y    =  volume  in  cubic  feet  conveyed  per  hour. 
T    =  tons  conveyed  per  hour. 
Accepting  the  Author's  proportion  of  radius  of  trough  of  belt  to 
width  of  belt°  which  appeared  to  be  a  good  proportion,  namely. 


_    B 
B.  -  i.3> 


B."-       „    _..        ^.,1-002 


then  A  =(fjx  0-1002  =  B^,,o 

80  that  for  all  practical  purposes— 


1 


1440* 


The  coefficient  of  solidity  Iv,  varied  xvith  the  regularity,  or  want 
of  regularity,  of  the  size  of  the  material.  If  the  material  were 
broken,  that  is,  the  product  of  mining  or  quarrying  operations,  K. 
would  vary  somewhat  with  the  mode  of  fracture  of  the  material. 
The  more  even  the  size  and  the  greater  the  angularity  of  the 
material,  the  lower  would  be  the  value  of  K,  On  the  other 
hand,  the  greater  the  variation  in  size  and  the  more  rounded  the 
material,  as  for  instance,  water-worn  gravel  composed  of  all  sizes 
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from  the  largest  down  to  fine  sand,  the  greater  would  be  the  value 
of  Kg.  For  the  great  majority  of  mineral  conveying  propositions, 
the  coefficient  of  solidity  K,  would  be  between  0-G  and  0*7.  (It 
might  here  be  remarked  that  if  spheres  of  the  same  size  were  packed 
as  closely  as  possible  then  K,  =  0*7405).  With  fine  dry  free 
running  sand,  tlie  mean  area  of  the  load  on  the  belt  would  be  a 
maximum,  and  it  appeared  safe  to  assume  that  the  maximum  could 
be  0*9  of  the  area  of  the  trough  of  tlie  belt. 

As  the  proportion  of  the  size  of  the  material  to  the  width  of 
the  belt  increased,  the  greater  would  be  the  difficulty  of  feeding  the 
material  evenly  on  the  belt.  If  it  were  practicable  and  economical 
to  extend  a  belt-conveyor  to  miles  in  length,  it  would  pay  to  design 
very  elaborate  arrangements  to  ensure  the  belt  being  continuously 
loaded  to  its  maximum  capacity.  As,  however,  conveyor-belts 
rarely  exceeded  a  few  hundred  feet  in  length,  it  was  simpler  and 
more  economical,  when  the  material  was  difficult  to  feed  evenly  on 
to  the  belt,  to  widen  the  belt  to  compensate  for  the  unavoidable 

irregularity  of   the  load.     The  coefficient  K^  =       tt.   -   appeared 
to  agree  well  with  what  obtained  in  practice. 
Working  from  the  foregoing  we  get — 

A  =  B-  K„  =  B-  X  -i- 

1440 

V  =  0-9  A  K,S  X  60  =  B"-^  ^1^  S  x  ^ -^  ^^ 
•'  B=  1440 


OJ    = 


_  62-3  X  G  X  K,  _Qj^ 


2240  '  36 


T  =  Y.  =  (B-MrS^_J^^xGK4 

=  (B  -  M)2  K,  G  S  X  ^L 
^  /        «  960 

If  a  mean  value  for  K.,  =  0-65  be  taken,  then 

T  =  (B-  M)2GS-i-. 
^  ^  1478 

Applying  this  last  formula  to  belts  12  inches,  18  inches,  24  inches^ 
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36  inches,  and  48  inches  wide,  conveying  material  having  a  specific 
gravity  in  the  solid  of  2 '.'5,  and  of  sizes  0  inch,  1  inch,  2  inches, 
4  inches,  8  inches,  and  10  inches  (the  size  0  inch  meaning,  of  course, 
that  the  material  was  so  fine  that  the  sizes  of  the  particles  composing 
it  were  so  small  that  the  size  when  inserted  in  the  formula 
_  (B  -  M)- 


K,= 


B= 


is  negligible,  and  therefore  K,  =  1)  : — 


M. 

s. 

12-incb. 

18-inch. 

24-inch. 

3G-inch. 
Tons. 

4S-inch. 

Inch. 

Tons. 

Tons. 

Tons. 

Tons.   { 

0  ) 

300 

73 

IG4 

292 

G58 

1,1G9 

400 

98 

219 

390 

877 

1,5.59 

1 

500 

122 
61 

274 

487 

1,096 

1.949 
1,121   ' 

1 

300 

146 

268 

622 

1   ' 

400 

8-2 

195 

358 

829 

1.494 

500 

102 

244 

447 

1.036 

1,868   1 
1,074 

1 

300 

51 

130 

245 

587 

2 

400 

G8 

174 

327 

782 

1,432 

1 

500 

1 

85 

217 

409 

978 

1,790 

j 

300    1 

32 

100 

203 

520 

982 

4   { 

400 

43 

133 

270 

!    693 

1,310 

i       1 

500   : 

54 

1G6 

338 

866 

1,637 

■«   1 

300 

130 

398 

812 

400 



— 

174 

530 

1,082 

I 

500 

— 

— 

217 

GG3 

1,353 

10 ! 

300 

_ 







520 

400 

— 

— 

— 

— 

698 

1 

500 

— 

— 

- 

— 

866 

Mr.  W.  L.  Spexce  wrote  that  the  Author  referred  to  the 
locomotive  and  the  steamship  as  primary  transporters,  but  the  writer 
was  interested  in  a  form  of  transporter  much  more  primary  than 
these,  namely,  the  colliery  underground  coal-face  belt-conveyor. 
This  machine,  developed  under  severely  limiting  conditions  of  size, 
weight,  portability,  and  very  rough  usage,  had  attained  a  very  large 
measure  of  success.  The  lowness  of  roof,  often  but  little  over  2  feet 
high,  and  the  necessity  for  carrying  large  lumps  of  coal,  had  restricted 
the  standard  belt  drum  to  14  inches  diameter,  a  size  which  involved 
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high  stresses  in  the  §-inch  thick  belt.  The  conveyor,  commonly 
100  yards  long,  with  a  GOO-foot  belt  and  its  driving  gear,  had  to  be 
moved  bodily  forward  or  sideways  some  4,  5,  or  6  feet  every  working 
day,  hence  the  belt,  sectionalized  to  facilitate  handling,  must  be 
fitted  with  readily  detachable  hinge-joints.  These  hinge-joints 
running  over  li-inch  drums,  formerly  cut  severely  into  the  belt, 
but  now  with  extremely  large  diameter  hinge-pins  or  tubes,  the 
joint-pin  axis  was  so  far  lifted  ofE  the  drum  that  the  belt  had  a 
straight  run  out  of  the  hinge-clip.  The  stretching  trouble  remained . 
A  20-inch  wide  belt  had  been  known  to  stretch  out  to  a  15-inch 
ultimate  width  in  its  fourth  year,  but  this  was  unusual. 

As  to  duty,  the  conveyor,  with  a  20-inch  belt  running  at  100  feet 
per  minute,  was  never  the  limiting  element  in  output.  The  limit 
was  either  the  coal  available  or  the  tram  capacity  at  the  discharge 
end.  The  conveyor  would  easily  transport  180  tons  per  shift,  and 
it  had  attained  a  ton  a  minute  and  33|  tons  an  hour  for  8  hours. 
The  Author's  maximum  coal  rating  for  this  belt,  hopper-fed,  was 
25  tons,  and  his  average  rating  on  unsized,  run-of-mine  coal,  was 
21  tons,  so  that  the  actual  duty  was  not  deficient. 

In  regard  to  belt-life,  the  20-inch  coal-face  belts  had  a  life  of 
about  50,000  tons,  and  while  it  could  not  be  expected  to  equal  that 
of  the  Author's  costly  rubber-filled  and  faced  belts,  running  under 
the  best  of  conditions — perfect  alignment,  large  pulleys  and  high 
speed — yet  the  difference  was  so  great  that  it  made  one  determine 
on  a  direct  comparison  of  the  solid-woven  cotton  with  the  rubber 
belt  as  suggested  by  the  Author. 

The  one  real  refinement  in  coal-face  conveyors,  a  feature  in 
respect  of  which  they  were  probably  superior  to  any  of  the  Author's 
gears,  was  the  silent  drive — a  single-reduction  duplex  thrustless 
worm-gear  of  high  efficiency.  A  silent  gear  was  no  useless  refinement 
at  the  coal  face  ;  it  made  for  safety  in  enabling  a  cracking  roof  to 
be  heard  in  the  early  stages.  These  characteristic  features  were 
mentioned  because  they  all — size,  Weight,  portability,  and  facilities — 
went  to  fit  the  conveyor  for  general  cargo  handling,  as  distinguished 
from  the  mass  loading  of  grain  Or  minerals,  with  which  alone  the 
Author  dealt. 
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Experience  seemed  to  indicate  that  conveyor  capacity  increased 
slightly  more  rapidly  than  as  the  square  of  belt  width,  and  this 
seemed  reasonable  when  it  was  considered  that  a  small  constant 
margin  on  each  side  of  all  belts  of  any  width  was  dead.  It  was 
suggested  to  substitute  for  W-  something  of  the  form  of  (W  —  1)-, 
as  representing  capacity  more  accurately,  thus  : — 


Belt  Width 
(Gross). 

Inches. 
20 

30 

W=.          Ratio. 

Belt  Width 
(Net). 

Wr. 

Ratio. 

400              1 
900              2-25 

20-1 

1           30-1 

1 

3G1 

841 

1 

2-33 

The  writer,  an^  enthusiast  for  efficient  worm-gearing,  asked  the 
Author  to  amend  the  three  lines  at  the  foot  of  page  87.  No 
high-class  power-transmitting  worm-gear  was  self-sustaining ;  it 
was  only  badly  designed  power-transmission  worm-gears  that 
so  acted. 

Baron  George  Steinheil  wrote  that,  with  reference  to  the 
statement  (page  78)  about  the  oil-engines  slowing  down  owing  to 
the  overloading  of  buckets,  and  even  stopping  sometimes,  due  to 
cooling  of  vaporizers,  he  thought  this  disadvantage  could  have  been 
overcome  if  the  fuel-pumps  of  these  engines  had  been  properly 
adjusted.  It  was  accepted  practice  nowadays,  when  tuning  up  an 
oil-engine,  to  have  the  fuel-pump  so  adjusted  as  to  deliver  a  certain 
maximum  quantity  of  fuel  into  the  cylinder  and  no  more.  This 
maximum  was  generally  corresponding  to  10  per  cent  or  15  per  cent 
overload,  and  if  the  governor  stopped  working  (weights  in  their 
inward  position),  due  to  an  excessive  overload,  not  more  fuel  was 
allowed  to  enter  the  cylinder  than  the  predetermined  maximum, 
thus  obviating  the  danger  of  injecting  an  excessive  amount  of 
fuel,  which  could  lead  to  an  increased  M.E.P.  with  consequent 
dangers  of  piston  seizures,  etc.  In  most  cases  an  adjustable  stop 
was  provided,  regulating  the   maximum  length  of  the   plunger's 

M 
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stroke,  through  the  medium  of  the  pump-handle.  What  really 
must  have  happened  in  the  case  mentioned  by  the  Author,  was 
that  these  engines  either  were  not  provided  with  such  stops,  or 
else  they  were  out  of  adjustment.  Because,  if  stops  were  properly 
adjusted,  the  engines  would  simply  slow  down  due  to  the  excessive 
load,  and  would  continue  to  work  at  this  rate,  although  their 
vaporizers  would  be  hotter  than  at  normal  load. 

In  case  of  the  stops  being  out  of  adjustment,  the  bigger  the 
load,  the  more  fuel  was  pumped  into  the  cylinder,  until  a  certain 
limit  was  reached  when  the  amount  of  injected  fuel  was  so  large 
that  it  failed  to  explode,  and  it  simply  burnt  and  was  eventually 
extinguished  by  incoming  fresh  charges,  which  soon  cooled  down 
the  vaporizer  of  the  engine  with  the  resultant  stoppage. .  One 
could  easily  imagine  the  state  of  affairs  inside  the  cylinder 
of  this  engine  under  these  circumstances,  due  to  excessive 
carbon  deposits  and  washing  away  of  lubricating  oil  from  the 
cylinder  walls.  No  engine,  however  well  built,  could  stand  such 
treatment  for  a  long  time. 

Mr.  Arthur  R.  Wright  wrote  that  one  of  the  most  interesting 
points  in  the  Paper  was  the  fact  that  the  various  large  installations 
which  were  described  were  nearly  all  installations  that  had  been 
erected  out  of  England,  and  all  erected  by  British  firms.  Several  of 
the  orders  had  been  obtained  for  Great  Britain  in  face  of  severe 
Continental  and  American  competition,  from  which  it  followed 
that,  although  the  American  practice  was  generally  believed  to  be 
so  far  in  advance  of  the  British  practice,  when  it  came  to  a  question 
of  competition  on  neutral  ground,  the  British  companies  obtained 
the  order. 

The  Durban  coaling  plant  and  the  Han-Yeh-Ping  unloading 
plant  were  typical  instances.  When  these  plants  were  required, 
most  of  the  well-known  American  companies  were  quoting,  but 
their  offers  were  not  considered  by  the  purchaser  to  be  as  good  as 
those  put  forward  by  the  British  companies.  It  was  interesting 
to  note  that  during  the  last  few  weeks  a  British  company  had 
obtained  the  order  for  an  even  larger  plant  than  those  described  in 
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the  Paper,  including  unloading,  storing  and  bunkering  coal  for 
China,  in  spite  of  full  American  competition,  and  he  thought  this 
augured  well  for  the  future  of  this  country  in  machinery  for  the 
'■'  Mechanical  Loading  of  Ships,"  especially  as  the  conditions  in 
America  had  been  such  that  they  should  have  been  in  a  position 
to  offer  more  attractive  propositions,  if  they  had  taken  full 
advantage  of  their  opportunities. 

Mr.  G.  F.  ZiMMER  wrote  that,  with  regard  to  the  Author's 
remarks  concerning  the  invention  of  the  band-conveyor,  he  could 
not  quite  agree  with  him  that  the  whole  credit  was  due  to  Mr.  Lyster. 
He  was  rather  persuaded  that  the  late  Mr.  Percy  G.  Westmacott 
(Past-President)  must  be  credited  with  the  lion's  share  of  the 
pioneer  work.  He  experimented  for  two  years  at  Elswick,  in  the 
drawing  office  as  well  as  in  the  engine  works  department,  and 
concluded  these  investigations  to  his  satisfaction  in  June  1868, 
the  year  in  which  the  Mersey  Dock  and  Harbour  Board  contemplated 
the  erection  of  their  extensive  granaries,  and  the  late  Mr.  G.  F. 
Lyster,  being  the  man  at  the  helm,  was  undoubtedly  responsible 
for  the  installation  of  these  first  band-conveyors  for  handling  the 
grain  at  the  Waterloo  Dock.  How  far  he  shared  in  the  invention, 
he  (Mr.  Zimmer)  was  unable  to  say. 

In  the  discussion  that  folldwed  Mr.  Westmacott's  Paper,  read 
at  the  Newcastle-on-Tyne  Meeting  of  this  Institution  in  1869,  on  the 
Waterloo  Docks  Granaries,  Mr.  Ramsbottom  mentioned  an  earlier 
example  of  a  band-conveyor,  but  as  in  this  case  the  band  was 
provided  with  scrapers  which  pushed  or  dragged  the  material  alonw 
in  a  trough,  and  did  not  carry  it,  it  could  not  have  been  what  was 
now  called  a  band-conveyor.  Some  early  band-conveyors  were, 
however,  erected  in  two  granaries  on  the  Devaux  System,  one  at 
Trieste  and  one  at  Canada  Wharf  in  London.  These  were  described 
in  Engineering,  24  January  1868,  that  is,  before  the  Waterloo  Dock 
Granaries  were  erected  ;  but  it  was  quite  likely,  since  Mr.  Westmacott 
experimented  for  two  years  prior  to  1868,  that  these  were  early 
applications  of  his  idea.  These  band-conveyors  delivered  over  the 
«nd,  and  had  no  throw-off  carriages,  the  perfection  of  which  latter 
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must  have  been  the  greatest  difficulty  to  Mr.  Westmacott.  A  year 
or  two  ago  the  mechanical  portion  of  these  conveyors,  minus  the 
band,  were  still  in  situ  at  the  Canada  Wharf. 

A.  C.  L.  Devaux  took  out  several  patents  for  his  system  of 
granaries,  the  principal  ones  being  dated  8  March  1856,  and  22  July 
1862,  in  neither  of  which  band-conveyors  were  mentioned,  while 
worm-conveyors  were  shown  in  the  drawings  ;  and  one  would  think 
that  if  this  important  invention  of  the  band-conveyor  had  emanated 
from  Devaux,  he  would  have  claimed  protection  for  it  in  his  granary 
patents. 

As  far  as  the  writer's  researches  went  into  the  history  of  the 
band-conveyor,  the  American  millwright,  Oliver  Evans,  who  died 
in  New  York  a  little  more  than  one  hundred  years  ago  (on  15  April 
1819),  was  the  inventor  of  a  primitive  form  of  band-conveyor. 
He  built  a  flour  mill  in  1785,  in  which,  in  addition  to  band-conveyors, 
also  worm  and  scraper  or  push-plate  conveyors,  as  well  as  bucket 
elevators,  were  in  use.  In  his  book  "  The  Young  Millwright  and 
Miller's  Guide,"  first  published  in  1795,  prototypes  of  all  these 
principal  continuous  conveyors  were  illustrated  and  described. 

Mr.  F.  T.  Parker  wrote  that  he  appreciated  the  difficulty  Mr. 
Binns  (page  111)  had  with  belt  specifications,  but  he  was  not  alone 
in  that  respect.  The  writer  was  unable  to  follow  whether  Mr.  Binns 
was  speculating  as  to  possible  lines  of  development.  The  writer 
did  not,  however,  agree  that  quay  cranes  had  reached  their  limits, 
but  he  was  with  the  speaker  in  his  statement  regarding  the  application 
of  types  to  suit  various  conditions.    Every  type  had  its  field. 

Mr.  C.  Kemble  Baldwin's  comments  were  of  interest.  The 
Author's  Table  made  it  appear  that  an  8-ply  belt,  irrespective 
of  width,  would  trough  satisfactorily,  which  was  not  the  case. 
The  speaker  rightly  called  attention  to  the  Author's  reversal  of 
current  practice  in  connexion  with  belt  lengths.  However,  Mr. 
Baldwin  would  admit  that  those  adopted  by  designers  differed 
considerably.  They  were  dependent  upon  indi^'idual  choice,  and  the 
class  of  belt.  The  Author  had  doubtless  taken  this  into  consideration 
in  his  empirical  formulae.     The  lengths  mentioned  by  the  speaker 
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were  the  exception,  not  the  rule.  Sometimes  a  cUent  preferred 
to  purchase  his  own  belt.  This  often  proved  a  source  of  annoyance 
to  both  parties,  as  occasionally  inferior  belts  were  used. 

Mr.  BaldAsin  mentioned  some  cases  of  belts  in  operation.  If 
he  had  supplemented  his  information  by  giving  the  really  essential 
details,  such  as  the  size  of  material,  the  feeding  arrangements,  the 
belt  speeds  and  other  governing  factors,  his  statements  would  have 
been  of  service.  All  the  details  of  the  belt  conveying  3,000  tons  per 
hour  were  missing,  even  its  size  and  speed.  There  was  nothing 
remarkable  about  the  Lake  boats  except,  perhaps,  their  size,  and 
British  engineers  years  ago  fitted  steamers  with  unloading  belts 
and  had  adapted  elevators  both  for  unloading  and  loading  purposes. 
Dumpers  were  always  a  controversial  subject,  and  it  seemed  useless 
to  compare  British  and  American  practice.  The  problem  hinged  upon 
economic  and  local  considerations. 

]VIr.  Anderson  (page  120),  appeared  to  infer  that  retarding 
conveyors  might  have  been  considered  for  the  Sebabna  plant, 
but  the  ropeway  was  some  miles  in  length.  In  this  connexion, 
the  writer  would  only  install  such  a  de\dce  as  a  last  resort,  even  at 
these  hillside  mines,  with  which  he  was  familiar.  Reo;ardinor  the 
angle  of  repose,  the  speaker  might  have  given  some  indication 
as  to  what  he  would  have  expected  it  to  be  with  dry  and  wet  ore, 
as  he  will  have  noted  the  storage  was  an  open  one.  Such  instances 
had  come  within  the  ^Titer's  experience,  and  it  was  a  moot  point 
as  to  the  best  course  to  adopt.  He  noted  the  speaker  suggested 
a  portable  chain-scraper,  but  if  it  had  the  effect  of  causing  such  a 
rush  of  material  as  he  described,  and  the  writer  agreed  it  would, 
then  it  was  the  very  thing  to  avoid.  The  Author  distinctly  mentioned 
two  bunkers,  one  at  the  mine,  the  other  at  the  loading  station, 
and  gravity  was  certainly  not  neglected.  The  writer  referred  the 
speaker  to  further  remarks  on  capacity  in  his  reply  to  JMr.  Edwards. 
A  ferro-concrete  storage  was  not  suitable  for  the  purpose  in  view. 
The  Author  distinctly  stated  that  660  tons  were  loaded  into  the 
vessel  in  fifty-five  minutes. 

The  writer  would  be  glad  to  know  where  the  "  many  plants  " 
the  speaker  referred  to  were  to  be  found,  that  is,  of   the  bucket-"" 
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conveyor  type  for  open  road  work.  The  plant  at  Wabana  was 
not  on  all  fours.  He  thought  Mr.  Anderson's  explanation  of 
the  movement  of  the  cantilever  the  correct  one,  and  had 
no  doubt  it  was  due  to  the  action  of  an  articulated  chain 
of  buckets  passing  over  a  tumbler  at  the  extreme  end.  Those 
Mith  dredging  experience  would  quickly  appreciate  the  surge 
brought  about,  and  in  the  writer's  opinion  no  form  of  equalizing 
gear  would  succeed  in  eliminating  this.  He  concurred  with  the 
speaker's  concluding  remarks,  and  referred  him  to  a  written 
communication  for  the  answer  to  his  final  comment. 

In  reply  to  Mr.  F.  G.  Mtchell,  he  agreed  the  powers  were  high ; 
they  were  for  plain  bearing  idlers.  The  other  points  raised  by  him 
in  connexion  with  the  Author's  Table  he  was  unable  to  answer,  but 
he  appeared  to  take  no  exception  to  the  Author's  specification.  The 
speaker  -also  mentioned  speeds,  and  no  doubt  referred  to  belt- 
conveyors.  As  he  said,  these  speeds  were  high  but  safe,  but  the 
neglect  to  adopt  them  at  times  was  not  the  fault  of  engineers. 
Local  conditions  played  a  part,  and  it  was  sometimes  inadvisable 
to  adopt  too  high  a  speed. 

DeaUng  with  Mr.  W.  S.  Edwards'  remarks,  the  fact  that  the 
stauffers  did  break  off  made  it  necessary  for  the  Author  to  remedy 
the  defect.  The  speaker  raised  the  point  as  to  whether,  after  the 
alteration  had  been  made  to  the  wheels,  the  plant  at  Sebabna 
ever  attained  its  rated  capacity  of  800  tons  per  hour.  In  a  recent 
issue  of  the  Cardiff  Journal  of  Commerce,  it  was  stated  that  during 
the  loading  of  a  3,600-ton  steamer,  an  average  rate  of  825  tons  per 
hour  was  maintained  for  four  and  a  quarter  hours.  At  one  period 
900  tons  per  hour  were  conveyed,  but,  owing  to  difficulty  in 
discharging  water  ballast,  the  plant  had  to  be  slowed  down.  Whether 
the  alterations  to  the  wheels  had  anything  to  do  with  this,  the 
writer  was  unable  to  say.  Perhaps  the  ore  was  dry,  and  flowed  freely. 
The  writer  had  had  these  figures  independently  confirmed.  Both 
speaker  and  Author  agreed  that  a  48-inch  belt  running  at  400  feet 
per  minute  would  give  better  results ;  but  there  was  a  difference 
between  "  a  far  larger  load,"  as  stated  by  the  former,  and  the 
Author's  statement.    Moreover,  the  former  made  certain  stipulations. 


Jan.  1921.  MECHANICAL   LOADING   OF    SHIPS.  167 

the   significance   of   which  must  not  be  overlooked,  whereas  the 
Author  did  not. 

The  writer  agreed  it  was  impracticable  to  guarantee  the 
life  of  a  belt ;  and  unreasonable  to  expect  it.  Such  statements 
only  led  to  trouble,  and  possible  recrimination.  If  a 
purchaser  was  well  advised  in  his  choice  of  a  belt,  and 
the  plant  well  erected  and  tended  to,  there  was  no  reason 
why  belts  should  not  run  for  long  periods.  The  Author's  ■ 
intention  was  evidently  that  of  giving  some  indication  of 
the  life  to  be  reasonably  expected  under  favourable  running 
conditions.  The  writer  agreed  with  the  Author's  suggestion  that, 
where  possible,  a  belt  should  be  flattened  at  the  feeding  end,  but 
it  was  necessary  to  point  out  that  this  had  to  be  very  carefully 
carried  out,  and  required  space.  In  any  case,  Mr.  Edwards  surely 
would  not  introduce  any  form  of  auxiliary  feeding  apparatus, 
if  it  could  be  avoided.  The  introduction  of  worm-gears  was 
inadvisable,  but  any  form  of  check  mechanism  had  to  be  thoroughly 
protected,  to  render  its  action  effective.  Solenoid  brakes  appeared 
to  the  writer  to  be  the  best  method  wherever  possible  of  appUcation. 
Mr.  Edwards  did  not  state  what  these  "  heavy  stresses  "  were  at 
the  edge  of  a  belt.  They  were  not  mentioned  when  discussing  the 
merits  of  troughing  idlers.  They  appeared  to  exist  more  in 
imagination  than  in  fact,  and  the  writer  had  a  shrewd  suspicion 
they  would  be  difl&cult  to  establish  with  any  degree  of  accuracy. 
As  to  Mr.  Edwards  preferring  skirtboards  at  the  bend  pulleys,  the 
writer  did  not  agree.  There  was  always  risk  of  large  pieces  of  material 
running  awry,  no  matter  how  even  the  feed,  and  it  was  these  pieces, 
not  the  smaller  ones,  that  had  to  be  looked  after.  Weightometers 
were  guaranteed  to  weigh  to  within  one-half  of  1  per  cent.  The 
writer  thought  that  the  majority  of  ourstaiths  would  ultimately  be 
provided  with  belt  plants,  as  they  were  of  light  weight  for  their 
duty. 

Dealing  with  the  Manchester  discussion,  the  writer  disagreed 
with  Mr.  Fox's  opening  remark  in  par.  6  (page  132).  So  long  as 
conditions  would  permit  of  belt  installations,  as  at  Hull,  Fowey, 
Port  Talbot,  etc.,  nothing  special  was  required,  and  if  Mr.  Fox 
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provided  a  site,  a  number  of  firms  would  be  found  willing  to  install 
a  plant,  and  possibly  show  greater  savings  in  power,  speed,  etc., 
than  with  his  existing  machinery.  The  speaker,  of  course,  referred 
to  guide-idlers  in  the  eighth  par.,  and  in  the  ninth  par.  expressed 
the  opinion  that  grabbing  was  the  most  effective  method.  The 
writer  agreed,  but  it  remained  to  be  seen  whether  it  would  develop 
along  existing  lines  or  otherwise.  All  things  being  equal,  the  grab 
transporter,  as  at  present,  might  be  in  for  a  hard  tussle.  Part  of  the 
final  paragraph  was  dealt  with  elsewhere,  but  the  speaker  mentioned 
self-equipped  craft  for  bunkering  steamers  in  rivers.  So  far  as  the 
writer's  experience  went,  these  were  not  an  entire  source  of 
satisfaction. 

]\Ir.  Cecil  Bentham  (page  134)  gave  a  lot  of  information,  mostly 
well  known  to  those  acquainted  with  this  class  of  plant,  but  generally 
dealing  with  grain  conveying  in  docks.  His  opening  remarks  referred 
to  cost  and  time.  The  writer  was  under  the  impression  these  were 
correlated.  The  Author  made  no  mention  of  the  numbers  engaged, 
but  the  results  at  Han-Yeh-Ping  were  self-evident.  Regarding 
his  second  paragraph,  the  speaker  and  Author  were  actually  not 
at  variance. 

The  Hulett  and  other  grabs  were  quite  well  known.  The  speeds 
of  belts  mentioned  for  grain  conveying  were  not  remarkable,  but 
when  dealing  with  the  life  of  belts,  the  speaker  said  that  those 
conveying  grain  did  not  wear  to  "  quite  "  the  same  extent.  Why 
should  they  ?  If  the  speaker  had  not  made  an  important  omission 
as  to  the  ply  of  belt  used  by  him,  the  diameter  of  the  driving  pulleys 
mentioned  would  have  been  a  check  and  of  guidance.  He  also  omitted 
to  say  whether  these  pulleys  formed  a  single  or  multiple  drive. 

Mr.  Bentham's  comments  on  weighing  were  interesting,  and  he 
would  find  reference  to  the  weightometer  elsewhere.  In  spite  of 
the  fact  that  many  tramp  steamers  did  not  carry  load  line  charts, 
and  that  no  weighing  apparatus  existed  at  some  loading  plants, 
the  close  results  obtained  by  experienced  hands  in  loading  were 
sometimes  remarkable.  The  writer  had  run  out  thirteen  consecutive 
results  obtained  with  a  plant  loading  iron  ore,  without  weighing, 
into  steamers  ranging  from  2,800  to  5,800  tons,  and  found   that 
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the  average  actual  weight  established  at  port  of  arrival  only  exceeded 
the  average  given  in  the  bills  of  lading  by  0*3  per  cent.  The 
quarter  of  1  per  cent  mentioned  by  the  speaker  was  not  for 
continuous  loading,  but  the  weightometer  was. 

The  writer  did  not  agree  with  Mr.  W.  G.  Smith's  comments  on 
the  Hull  plant  (page  140),  as  he  himself  obtained  the  order.  There 
was  a  divergence  of  opinion  within  the  gates,  and  the  engineer 
responsible  for  the  belt  installation  proved  his  point.  It  was  not 
so  much  a  question  of  convenience  as  of  policy.  The  engineers  at 
Durban  preferred  belts,  besides  which  they  desired  to  have  the  four 
tracks  and  an  existing  movable  coaling  transporter  as  a  standby 
{see  Fig.  2,  Plate  3).  ilr  .  Smith's  remarks  were  in  the  main  correct 
as  to  power  consumption,  although  the  writer  believed  it  was  nearer 
300  b.h.p.  as  an  average.  He  was  also  correct  in  respect  to  the 
dumper  power.  The  reduction  in  speed  was  obtained  at  the  dumper 
cradle.  The  Author  cast  no  reflection,  he  merely  pointed  out  the 
differences  obtaining. 

In  reply  to  Mr.  C.  P.  Eaninmonth  (page  142)  he  would  find  an 
explanation  to  his  opening  remarks  immediately  above,  and  it  was 
necessary  to  state  that  the  wharf  was  used  as  far  as  possible  for 
coaHng  purposes.  The  writer  merely  speculated  as  to  along  what 
lines  developments  might  take  place.  Shipowners  both  here  and  on 
the  Continent  realized  long  ago  that  the  transport  of  iron  and  other 
ores  was  becoming  a  special  trade,  and  the  farther  afield  the  steamers 
had  to  go  for  such  cargo,  the  greater  would  be  the  necessity  to 
deal  ■with  it  rapidly.  If  a  continuous  and  satisfactory  system 
of  unloading  could  be  developed  other  than  grabs  or  belt-plants, 
engineers  would  immediately  turn  their  attention  thereto,  but 
although  the  speaker  described  two  systems,  he  omitted  to  state 
whether  these  had  been  put  into  service,  and  with  what  results. 

In  reply  to  Mr.  W.  H.  Atherton  he  could  only  state  that  all  the 
plants  were  of  British  design  and  bmld.  Large  capacity  belt 
installations  would  increase  in  number  and  importance.  Given  the 
same  size  and  class  of  material,  all  other  conditions  being  equal,  it 
was  easier  to  cope  with  the  larger  capacities,  as  the  rate  of  hopper 
flow  remained  the  same.     The  writer  did  not  agree  as  to  duplicate 
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conveyors,  as  the  extra  first  cost  involved  would  be  heavy.  An 
outstanding  feature  of  belt  plants,  given  a  suitable  belt  for  the 
purpose,  was  their  almost  total  immunity  from  stoppage  due  to 
breakdown.  Bad  damage  to  a  belt  was  a  rare  occurrence  ;  there' 
was  usually  ample  warning,  and  repairs  were  rapidly  effected. 
Conveyors,  other  than  belt,  were  sometimes  preferable,  such  as 
restricted  space  preventing  the  adoption  of  a  suitable  belt 
inclination,  or  where  the  characteristics  of  the  material  were 
unsuitable,  as,  for  instance,  hot  substances.  But  where  applicable, 
the  belt  held  its  own  in  regard  to  first  cost,  repairs,  and  maintenance. 

Regarding  the  Sebabna  buckets,  the  writer's  recollection  was  that 
these  were  42-inch  pitch  by  36  inches  wide,  dumping  twenty-seven 
per  minute,  with  a  chain-speed  of  about  100  feet  per  minute.  Further 
figures  given  on  page  166  pointed  to  the  actual  bucket  capacity 
being  underestimated.  There  might  also  be  another  reason  for  the 
increased  tonnage,  namely,  a  spell  of  fine  weather,  and  a  consequently 
easier  flow  from  the  open  ore-bins.  Deep  water  conditions  at 
Sebabna  did  not  permit  of  steamers  being  moored  other  than  at  the 
end  of  the  cantilever. 

It  was  stated  in  Engineering  (17  Aug.  1917),  that  the  48-inch 
belt  at  Durban  was  designed  for  200  and  1,000  tons  per  hour  at 
120  and  600  feet  per  minute  respectively.  The  contract  amounts 
were  stated  to  be  200  and  600  tons  per  hour  at  these  speeds.  The 
idlers  being  of  the  five-shaft  six-pulley  type,  the  troughing  was 
shallow,  and  as  the  speed  was  variable,  Mr.  Atherton's  well-put 
points  were  met. 

Mr.  J.  M.  Henderson  (page  149)  referred  to  an  installation  at 
Sadouna,  while  the  writer  mentioned  one  at  Cherchell.  These  were 
one  and  the  same. 

Mr.  F.  G.  Mtchell's  communication  (page  151)  cleared  uj)  a  point 
in  the  Paper  in  regard  to  the  weights  of  the  moving  parts  at 
Han-Yeh-Ping,  which  had  led  to  some  misapprehension.  Other 
remarks  emphasized  the  fact  that  British  engineers  were  well  abreast 
of  the  times. 

Mr.  W.  H.  Patchell  stated  that  the  Paper  had  suffered  by 
curtailment.     This  had  doubtless  caused  a  little  ambiguity  in  the 
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phrasing  adopted  in  the  Author's  Table,  to  which  the  writer  would 
again  refer. 

In  reply  to  Mr.  T.  M.  Ritchie's  remarks  (page  154),  portable 
conveyors  were  not  new.  In  1906,  the  writer  was  interested  in  the 
design  of  a  portable  telescopic  conveyor  to  handle  run-of-mine  coal. 
The  mast  was  not  a  new  feature.  The  writer  noted  the  conveyor 
handled  rock  phosphate  up  an  angle  of  30°.  He  presumed  the 
conveyors  were  belt,  and,  if  so,  Mr.  Ritchie  was  to  be  congratulated 
on  having  succeeded  in  conveying  at  an  angle  generally  considered 
to  be  excessive.  The  writer's  experience  with  Algerian  and  Tunisian 
rock  phosphates  had  been  less  successful,  and  closely  approximated 
results  elsewhere. 

Referring  to  Mr.  A.  Smart's  contribution  (page  156),  it  was  one 
of  considerable  importance.  The  Author,  not  without  success,  had 
dealt  with  the  question  of  belt  capacities  on  common-sense  Unes, 
working  back  from  actual  results,  until  he  had  arrived  at  empirical 
formulae.  Mr.  Smart  had  gone  further,  and  his  formulae  were 
applicable  to  all  sizes  of  material.  He  made  an  allowance  for 
evenness  of  feed.  As  this  also  included  attendance,  it  was,  to  some 
extent,  dependent  upon  individual  judgment  and  experience. 

Mr.  W.  L.  Spence  (page  159)  went  from  the  loading  of  ships  in 
open  roads,  to  the  loading  of  cars  in  mine  roads,  but  his  remarks 
led  up  to  the  possibiUties  of  belts  for  general  cargo  handUng.  Belt 
plants  also  had  their  limitations.  Other  methods  were  being  rapidly 
developed,  meeting  the  varying  conditions  with  greater  flexibility 
in  operation.  If  the  nature  of  the  goods  to  be  conveyed  was 
suitable,  belts  were  of  service,  but  further  important  considerations 
affected  their  choice  for  this  particular  work. 

Baron  Steinheil  dealt  with  the  engine  trouble  at  Sebabna 
(page  161).  He  was  unable  to  reply  as  to  the  design  of  the  engine, 
but  thought  another  explanation  might  be  given.  With  varying 
loads,  such  as  obtained  with  these  plants,  it  was  of  the  utmost" 
importance  to  have  ample  power  in  hand.  First  cost  was  always 
kept  down,  and  it  was  probable  these  engines  were  overloaded 
and  unable  to  cope  with  fluctuations  in  the  load. 

Mr.  Arthur  R.  Wright's  communication  (page  162)  was  timely 
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and    accurate,    and    should    be    made    use    of     by     our    trade 
organizations. 

The  writer  felt  it  incumbent  upon  himself  to  make  a  few  remarks 
in  conclusion,  in  ^'iew  of  the  Author's  absence.  As  suggested 
(page  128),  a  Table  (page  173)  was  appended  and  called  for  the 
following  comments  : — 

(1)  All  figures  remained  as  in  the  original  (pages  102-9). 

(2)  All  calculations  as  to  tonnage  were  referred  to  those  in  line 

marked  A. 

(3)  The  ratios  of  specific  gravities  adopted  by  the  Author  were 

made  use  of. 

(4)  The    wording   of   the   line    marked  A  for  coal,  as   well   as 

the  corresponding  ones  for  rock  and  ore  had  been 
modified.  First,  because  it  was '  demonstrable  that  the 
results  for  coal  were  obtained  by  using  formula  1  (page  103) 
Avith  the  constant  36.  Secondly,  because  had  the  Author 
intended  the  results  to  mean  "  when  loading  mixed  coal, 
no  large  lumps,"  clearly  either  the  constants  Z  =  33  or  30 
would  have  been  used.  Thirdly,  because  the  Author 
obviously  could  never  have  intended  to  convey  that 
the  maximum  capacities  given  for  the  three  classes  of 
material  were  absolute.  Apart  from  other  considerations, 
the  fact  of  his  formulae  being  empirical  controverted  any 
such  assumption.  Consequently,  the  writer  had  modified 
the  wording. 

An  examination  of  most  Tables,  more  often  than  not,  emanating 
from  interested  sources,  showed  a  marked  divergence  from  the 
Author's  results,  but  it  would  be  found  that  the  essentials 
were  nearly  always  lacking.  A  consideration  of  "at  the  rate 
of"  capacities  per  hour,  coupled  with  other  qualifying  remarks, 
introduced  wherever  possible,  and  similar  to  that  made  by  one  of 
the  speakers  at  the  London  meeting,  led  one  to  the  conclusion 
that  the  results  given  in  such  Tables  were  not  attainable 
under  everyday  working  conditions.  Freak  performances  referred 
to  by  the  Author  were  those  where  the  records  not  only  failed  to 
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give  particulars  whereby  comparisons  could  be  made,  but  also 
information  as  to  the  conditions  under  which  the  plants  were  being 
operated. 

The  plant  at  Bilbao,  Fig.  4,  Plate  4,  was  designed  for  1,000  tons 
of  ore  per  hour  with  a  36-inch  belt  at  500  feet  per  minute.  It  was 
stated  that  the  belt  had  handled  1,500  tons  per  hour.  No  mention 
was  made  as  to  time,  and  nothing  said  as  to  average  performance. 
In  this  case,  the  plant  was  such  that  a  speed  considerably  in  excess 
of  that  mentioned  could  probably  be  attained. 

The  48-inch  belt  plant  at  Durban  was  an  instance  where  amounts 
in  excess  of  those  stated  had  been  conveyed,  but  it  would  be  very 
interesting  to  know  whether  any  quantity  was  guaranteed  per  hour , 
without  qualification  of  any  sort.  If  such  a  clause  existed,  a 
considerable  trimming  of  sails  probably  took  place. 

The  42  -  inch  belt  plant  at  Hull  was  guaranteed,  without 
quaUfication,  to  handle  500  tons  of  run-of-mine  South  Yorkshire 
coal  per  hour  at  about  450  feet  per  minute.  It  handled  larger 
amounts  for  short  periods.  The  guarantee  was  met  by  the 
closest  application  to  design,  and  by  skilful  handling.  These  were 
important  factors  in  its  success,  in  the  light  of  experience  at  that 
time. 

The  36-inch  belt  plant  referred  to  by  the  writer  (page  145)  was 
guaranteed  to  deUver  400  tons  of  ore  per  hour  at  about  300  feet 
per  minute.  The  plant  had  averaged  about  500  tons,  and  even 
attained  600  tons  for  a  short  period  under  very  favourable 
conditions.  Bad  weather  also  played  its  part.  The  Tables  referred 
to  claimed  that  this  size  of  belt  was  capable  of  dehvering  "  at  the 
rate  of  "  a  much  larger  amount,  but  the  results  mentioned  pointed 
to  sound  judgment  in  the  choice  of  the  belt  size,  and  the  figures  of 
the  Author  were  certainly  nearer  the  mark. 

The  tabulated  results  of  the  Author  (pages  108-9,  and  173) 
took  into  account  the  evenness  of  feed,  changing  over  hatches' 
labour  available,  and  other  contingencies.  They  were  arrived  at 
over  a  wide  range  of  plants  operating  under  greatly  differing 
conditions.  The  Tables  referred  to  made  no  mention  whatsoever 
of  these  considerations.     His  figures  might,  therefore,  be  accepted 
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as  giving  some  reasonable  indication  of  the  capacities  to  be  expected, 
until  such  time  as  there  was  concrete  evidence  to  the  contrary. 
The  conditions  varied  to  such  an  extent,  sometimes  day  by  day, 
that  no  two  engineers  could  be  in  complete  accord,  but  a  reference 
to  the  Comparative  Table  on  page  174  would  show  that  the 
Author's  average  capacities  agreed  more  closely  with  those  of  Mr. 
Smart  and  the  writer,  than  with  the  majority  of  other  Tables. 
This  Comparative  Table  should  be  of  service,  as  the  three  sets  of 
figures  had  been  arrived  at  from  different  view-points.  The  first 
two  had  been  dealt  with  ;  the  last  was  based  upon  the  theoretical 
volume.  All  figures  were  upon  the  Author's  assumptions  (pages 
102-109  and  173). 

The  writer  regretted  being  unable  to  give  further  data  based 
upon  his  own  office  and  field  work,  owing  to  lack  of  time  and  space, 
but  would  say  that  while  successes  were  heard  of,  failures  were  not 
unknown.  Engineers  could  sift  the  evidence  and  draw  their  own 
conclusions.  Those  contemplating  the  purchase  of  such  installations 
would  also  be  in  a  better  position  to  form  a  reasonable  idea  as  to 
the  returns  likely  to  accrue  on  capital  outlay.  The  Author  had 
unquestionably  rendered  a  service  to  the  profession  in  drawing 
attention,  amongst  other  things,  to  this  question  of  belt  perfor- 
mances, and  it  would  need  a  considerable  amount  of  explaining 
away.  Finally,  as  the  difficulties  of  introducing  a  Paper  would 
be  appreciated,  the  writer  trusted  any  shortcomings  would  be 
overlooked  in  the  handling  of  the  Author's  able  and  considered 
contribution. 
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THE  MECHANICAL  QUALITIES  REQUIEED  IX  EYEBOLTS  : 

WITH    SOME    CONSIDERATION    OF    THE    IZOD    TEST,    IN    ITS    RELATION 
TO    THE    QUESTION    OF    BRTTTLENESS    IN    MILD    STEEL. 

By  K.  T.  ROLFE,  F.I.C.,  of  the  Metallurgical  Research  Laboratory, 
Messrs.  W.  H.  Allen,  Sons,  and  Co.,  Ltd.,  Bedford. 

[Selected  for  Publication.] 
The  present  Paper  describes  some  work  carried  out  on  eyebolts, 
of  which  some  were  undoubtedly  brittle,  and  others  tough,  under 
service  conditions.  The  service  brittleness  appeared  to  be  solely 
due  to  a  low  Izod  figure  in  the  material,  and  it  was  thought  that  the 
results  should  be  put  on  record.  No  particular  consideration  had 
been  given  to  the  special  mechanical  qualities  required  in  eyebolts, 
until  the  occurrence  of  several  failures  in  the  first  batches  of  various 
different  sizes  supplied  by  outside  stampers,  which  led  to  the 
rejection  of  the  whole  of  the  material,  and  its  replacement  by 
stampings  of  Messrs.  W.  H.  Allen,  Sons  and  Co.'s  manufacture. 
With  a  view  to  finding  why  the  "  outside  "  eyebolts  were  defective, 
and  in  order  to  ensure  that  our  own  were  not  similarly  brittle,  a 
complete  investigation  was  made.  The  sizes  and  details  of  the 
different  kinds  of  outside  eyebolts  examined  were  as  shown  in 
Table  1  (page  178). 

Nothing  could  be  traced  as  to  the  behaviour  of  the  1-inch  and 
IJ  inch  sizes.  They  were,  however,  as  a  precautionary  measure, 
condemned  with  the  others.  It  was  considered  that  the  Izod  test 
should  afford  a  ready  means  of  discriminating  between  a  tough  and 
a  brittle  eyebolt,  because  it  is  an  impact  notch-test,  in  which  tLe 
[The  I.Mech.E.]  n 
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material  is  sheared.  An  eyebolt  is  notched  (or  threaded,  which  is 
the  equivalent),  and  is  often  subjected  to  shock  in  service,  while 
it  was  by  shearing  that  all  the  failures  recorded  above  took  place. 
(Reference  is  made  in  the  Table  to  failures  in  lifting  fans,  which  are 
of  such  a  design  that  the  stress  on  the  eye  is  lateral.) 

TABLE   1. 


Size. 

Bemarks. 

1  in. 

i  >. 

Whit 

with  1    in.  eye\ 
„     1^  „     „  / 

Eyebolts  of  both  these  makes  (two  of  each) 
broke  in  lifting  88-in.  fans. 

1     ,, 

1) 

„     2     „      „ 

No  service  data. 

H  .. 

I) 

„     2i„      „ 

No  service  data. 

li  .. 

)> 

..     3     „      „ 

(Broke    while     being    tapped    home     into 
\     Dynamo  magnet  ring. 

The  Izod  test  was  therefore  applied  to  five  eyebolts,  one  of  each 
size,  while  of  the  same  five,  the  analyses  and  microstructures  were 
also  determined.  Another  five,  one  of  each  size,  were  turned 
down  to  give  tensile  test-pieces,  and  a  micro-examination  and 
analysis  was  made  of  each,  to  establish  the  identity  of  the  material 
with  that  on  which  the  Izod  tests  were  made,  this  procedure  being 
adopted  in  every  case  where  further  bolts  were  taken.  The  results 
were  as  shown  in  Table  2. 

The  Izod  test,  as  made  in  these  and  all  the  following  experiments, 
was  carried  out  on  the  round  test-piece  of  the  later  Air  Board 
specifications,  that  is,  one  of  0"45  inch  diameter,  notched  down 
with  a  45°  tool  to  0'33  inch  at  the  bottom  of  the  groove,  radius 
0-01  inch,  and  which  is  cut  eccentric  in  a  lathe.  A  120  foot-lb. 
Avery  machine  was  used.  The  microstructures  of  the  above  five 
bolts,  which  were  photographed,  are  not  here  recorded. 

Analyses  of  Outside  Eyebolts. — It  will  be  noted  that  some  of 
these  are  rather  high  in  sulphur  and  phosphorus.  As  will  be  seen 
by  reference  to  the  analysis  results,  given  later,  from  some  of  Messrs, 
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Alleu'»  eyebolts,  this  is,  in  itself,  a  quite  insufficient  explanation 
for  the  low  Izod  results. 

TABLE  2. 

Outside  Eyebolts  as  Received. 


Test  No. 

1 

2 

3 

4 

5 

Analysis. 

li-inch 
bolt. 

l|-iDch 
bolt. 

1-inch 
bolt. 

f-inch 

bolt  with 

li-inch 

f-inch 

bolt  with 

1-inch 

Per  cent. 

Percent. 

Percent. 

"eye. 
Percent. 

eye. 

Per  cent. 

Carbon 

0-08 

0-16 

0-07 

0-11 

0-12 

Silicon 

0-010 

0-06G 

0-015 

0-033 

0-056 

Sulphur 

0-087 

0-03G 

0-07G 

0-051 

0-049 

Phosphorus 

0-070 

0-020 

0-059 

0-020 

0-043 

Manganese  . 
Izod  results 

0-37 

5:G:5 

0-55 

91 : 112  :  70 

0-66 

_ 

7:5:5 

0-41 
10:9 

0-72 

3:3:5:5 

Izod  average 

5 

91 

6 

9-5 

4 

Izod :  appearance  j 
of  fracture           j 

Coarsely 
crystal- 
line 

0-505 

Fibrous 
0-505 

Coarsely 

crvstal- 

line 

0-505 

Coarsely 
crystal- 
line 

0-282 

Coarsely 
crystal- 
line 

Dia.  of  test-piece,  \ 
In.) 

0-282 

0-282 

Acting  length,        ) 
In.i 

1-75 

1-75 

1-75 

1-0 

10 

1-0 

Yield-point,              i 
Tons  per  sq.  in.  I 

17-5 

19-5 

18-2 

20-8 

8-0 

14-5 

Maximum  stress,    i 
Tons  per  sq.  in.  1 

27-5 

28-5 

28-0 

29-5 

8-0* 

28-2t 

Elongation,             i 
Per  cent./ 

3G-0 

35-0 

36-0 

31-2 

0 

31-2 

Faulty.     Broke  where  eye  joins  shank. 


t  He-tost. 
N    2 
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Macrostruciures  of  Outside  Eyeholts. — The  macrostructures  of 
sections  through  the  eyebolts  showed  nothing  unusual  in  the  case  of 
any  of  the  five  sizes.  One  from  No.  4  (the  |-inch  bolt  with  l|-inch 
eve),  shown  as  Fig.  1,  Plate  11,  is  a  perfectly  normal  structure,  and 

TABLE  3. 

Outside  Eyebolts,  Normalized. 


'  Test  No. 


In. 


2n. 


3n. 


4n. 


5n. 


Size. 

i  Izod  results 
Izod  average 


li-inch      11-inch       1-inch      bolt  with    ^i°ch  holt 
4    .  *..  .,  -..,  With 


bolt. 


bolt. 


bolt. 


lA-inch      1  ■     , 
^  1-inch  eye. 

eve.  •' 


10:8:G    82:84:65      12:14 
8  77  13 


17:20 
18-5 


11:9 
10 


Izod ;  appearance  of j   C-sely  Coa^joly 

fracture        .         .         {j^^  line  ^'"«         crystalline 


Dia.  of  test-piece,      i       0'505 
In./ 

Acting  length,      In.         1-75 

Yield-point,  "i      j,..^ 

Tons  per  sq.  in.  ( 


Ultimate  stress, 


1 


Tons  per  sq.  in.j 


Elongation, 


1 


Per  cent.  I 


2G-5 


34 


0-505 

0-505 

0-282 

0-282 

1-75 

1-75 

1-0 

10 

23-5 

19-0 

20-0 

161 

31-5 

28-0 

31-6 

31-6 

2S-G 

34 

30 

80 

the  same  remark  applies  to  that  from  No.  5  (the  f-iuch  bolt  with 
1-inch  eye),  shown  in  Fig.  2, 

Effect  on  Outside  Eyeholts  of  Normalizing. —The  results  in  Table  3 
were  obtained  by  normalizing  at  870°-900°  C. 

The    microstructure.s    of    the   normalized   bolts   are   not    here 
recorded.     The  results  of  normalizing  are  thus  slightly  better  in 
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some  cases,  and  sliglitly  worse  in  otliers.  Tlie  outstanding  feature 
of  both  sets  of  tests  is  the  high  Izod  figure  of  Eyebolt  No.  2.  A 
most  important  point  is  that  the  tensile  test  fails  to  discriminate 
between  stpels  respectively  tough  and  brittle  under  the  Izod  test. 

For  comparative  purposes,  the  following  results  were  obtained 
from  the  first  four  batches  of  the  firm's  own  stampings  put  in  hand 
to  replace  the  rejected  ones  above  : — 

TABLE  4. 

Own  Eijebolts,  Normalized. 


Test  No. 

Ml. 

M2. 

M3. 

i            114. 

Size. 

li-in.  bolt. 

1^-in.  bolt. 

1-in  bolt. 

|-in.  bolt. 

Per  cent. 

Per  cent. 

Per  cent. 

1      Per  cent. 

Carbon  .... 

0-18 

0-28 

,       0-18 

0-32 

Silicon  .... 

0-165 

0-113 

0-135 

0-117 

Sulphur 

0-0i6 

0-045 

i 

0-085 

0-065 

Phosphorus 

O-O-iT 

0-037 

0-044 

0038 

Manganese 

0-44 

0-60 

0-82 

0-55 

1 

Izod  results 

55  :  43  :  75 

26:26 

48:01 

1 

'  30:37:33:30  ■ 

Izod  average    . 

58 

26 

54 

32 

Izod;  appearance  "1 
of  fracture.          / 

Duplex ; 
core  fine 

Duplex ; 
core  medium 

0-798 

Duplex ; 
core  fine 

Duplex  ; 
core  medium 

Dia.  of  test-piece,  \ 
In./ 

0-798 

0-505 

0-798 

Acting  length,  In. 

3-0 

30 

1-75 

3-0 

Yield-point             } 
Tons  per  sq.  in./ 

10-8 

18-4 

23-0 

21-8 

Ultimate  stress,     "1 
i        Tons  per  sq.  in./ 

29-2 

31-0 

30-5 

41-0 

Elongation,             "1 
j                   Per  cent./ 

1- 

30-0 

31-2 

21-4 

22-9 
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The  microstructures  of  these  were  photographed,  hut  are  not 
here  recorded. 


Analyses  of  EyehoUs. — These  should  be  contrasted  with  those 
of  the  outside  eyebolts  previously  given,  in  relation  to  the  Izod 
figures.  It  is  quite  impossible  to  explain  the  vastly  different  Izod 
figures  by  reference  to  the  sulphur  and  phosphorus  figures.  The 
factor  on  which  the  Izod  figure  most  depends  is  the  carbon  content, 
and  this  is  referred  to  more  fully  later. 

The  next  step  was  to  correlate  these  different  compositions, 

Fig.  3. — Sketch  shoiving  Position  of  Eyebolt  in  Vice  Jaws 
when  subjected  to  a  series  of  hammer  blows. 


\ 


microstructures  and  mechanical  test  results,  witli  the  service 
beliaviour  of  the  materials.  Imitated  service  tests  were  therefore 
carried  out  as  follows  : — 

Imitated  Service  Tests. — In  these  the  eyebolt  under  test  was 
held  in  a  vice  and  struck  by  hand  with  a  14-lb.  hammer,  either  as 
A  or  B  {see  Fig.  3  above).  Five  blows  were  given  as  A,  and  if 
fracture  did  not  take  place,  five  additional  blows  were  given  as  B, 
followed  by  further  blows  as  A  again.  A  criticism  may  be  raised 
of  this  test,  as  regards  variation  in  the  constancy  of  the  blows. 
In  the  opinion  of  the  Author,  the  exact  force  of  blow  is  not  important, 
the  intftfition  being  to  find  out  whether  the  bolt  broke  or  bent.     A 
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brittle  eyebolt  may  be  made  to  shear  readily  with  a  light  blow, 
whereas  a  tough  one  under  repeated  blows  bends  through  a 
considerable  angle  without  breaking. 

The  results  detailed  below  were  obtained  : — 

Imitated  Service  Tests,  First  Series : — 

|-inch  Eyebolts  only,  as  follows: — Xo.  5 — Outside,  with  1-iucli  eye. 

No.  4-       „  „    IJ  „       „ 

No.  M4 — Our  own  make. 

TABLE  5. 


Eyebolt. 

No.  of  Blows 
given  as 

1 
Bemarks. 

A. 

B. 

5  (first  bolt)       .      . 

5  (second  bolt) 

5  (third  bolt)      .      . 

4  (first  bolt)       .      . 

4  (second  bolt) 

4  (third  bolt)     .      . 
T\r4  (first  bolt)    .      . 
M4  (second  bolt)     . 

1 

3 
3 

4 

2 

5 
22 
GO 

5 
5 
5 

|Broke   at  first   blow.      No   bend. 
[     Very  coarse  fracture. 

/Broke   at   third  blow.     The  same 
(     remarks  apply. 

Exactly  as  last. 

(Broke  at  fourth  blow.  Bent  slightly 
1     at  each  blow.     Fracture  rather 
j     coarse. 

("Broke  at  second  blow.     No  bend.  , 
\     Very  coarse  fracture. 

Stood  up.     Bent  moderately  well. 

Stood  up.     Bent  considerably. 

Stood  up.     Bent  considerably.           i 

The  last  two  bolts  could  not  be  broken  by  any  effort.  Five 
out  of  the  other  six  broke  readily  in  the  first  few  blows.  On 
applying  the  same  test  to  the  1-inch  bolts,  it  was  found  impossible, 
owing  to  the  large  diameter,  to  break  them.  To  enable  the  necessary 
discrimination  to  be   made,  all  1-inch,  1^-inch,  and  l|-inch  bolts 
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were  therefore  screwed  down  to  |  inch,  when  the  following  results 
were  obtained  : — 


Imitated  Service  Tests, 

Second  Series. 

Eyebolts  used. 

Outside  Bolts. 

Our  own  make. 

■ 

1-in.  bolt  screwed  to  ?  in. 

* 

No.  3 

No.  M3 

li-in.  „ 

No.  2 

No.  M2 

IJ-in.  „ 

No.  1 

No.  Ml 

TABLE  6. 


Eyebolt. 

Number  of 
blows  given  as 

1 

Result. 

1 

Remarks. 

A 

!     B 

3  (first) 
3  (second)     . 
3  (third) 
i  2  (first) 
2  (second)     . 
2  (third) 
2  (fourth)      . 

1  (first) 

1  (second)     . 
M3  (first)      . 

M3  (second) 

M2       . 
Ml       . 

2 

(•  5             , 
\  4  add.    1 

2 
2 

I  8  add.    1 
1   5             1 
{  8  add.    )• 

111  add.    } 

1 

2 

{  6  add.    / 

124  add.    1 

1   6  add.    / 
(  5              1 
[  7  add.    / 

5 

5 
5 

5 



5 

5     1 

5 
5 

Broke 

Broke 

Broke 

Broke 
Stood  up 
Stood  up 
Stood  up 

Broke 

Broke 
Broke      j 

Stood  up 

Stood  up 
Stood  up 

)  No  bend.  Coarsely  crystalline 

1     fracture. 

)  Bent  10-15°  in  all.    Fracture 

1     medium  to  coarse. 

1  Bent  about  the  same.     Frac- 

1     ture  medium. 

j  Bent  a  little.    Fracture  fairly 

1     fine. 

jBent  about  45°  in  all,  when 

1     test  had  to  be  stopped.* 

Do. 

Do. 

j  No  bend.    Broke  at  first  blow. 
1     Very     coarsely    crystalline 
1     fracture. 

I  Bent  slightly.     Very  coarsely 
\     crystalline  fracture. 
(Bent   in  all   30°,      Fracture  ' 
[     fine. 

(Bent  about  45°  in  all,  when 
test  had  to  be  stopped.    No 
'     sign  of  failure. 

Do. 
Do. 

*  Owing  to  the  collar  of  eyebolt  impinging  on  vice  jaws. 
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Considering  the  results  as  a  whole,  the  eyebolts  fall  into  two 
classes,  as  follows  : — 

TABLE  7. 


-  Sizes  5,  4,  3  and  1.  o,  M4.  M3^,Tl2  and  Ml. 

Under  working  tests  Brittle  Tough 

25  ft. -lb.  Izod  Figure  Below  Above 

0-15  per  cent  Carbon     All  show  figures  below  this  All  show  figures  above  this 

Microstructure  /  ^^^  '^°^  '°^^'^  ^^'''^^       '^^^  '>^^7  ^"^  pearlite- 

(  crystals  ferrite  structure 


It  appeared  that  the  four  sizes  condemned  were  made  of  very 
mild  steel,  structurally  consisting  largely  of  coarse-grained  ferrite, 
with  a  little  pearlite  segregated  to  the  boundaries.  The  ferrite, 
although  very  ductile  under  static  stress,  fractures  readily  under  a 
rapidly-applied  shear  stress,  and  a  ferritic  steel,  in  the  absence  of 
an  adequate  reinforcement  of  pearlite,  gives  Izod  figures  which 
decrease  as  the  grain  size  of  the  ferrite  increases,  because  in  a  large 
crystal  a  cleavage  plane  runs  for  a  greater  distance  before  reaching 
a  grain  boundary.  A  decrease  in  the  size  of  the  ferrite  grains  and 
their  reinforcement  by  a  substantial  skeleton  of  pearlit6  renders  the 
propagation  of  a  crack  across  the  material  much  more  difficult,  with 
resultant  rise  in  Izod  figure.  There  is  ample  proof  of  this  in  the 
appearance  of  the  outside  eyebolts  before  and  after  normalizing,  as 
in  every  case  the  microstructure  affords  a  complete  explanation  for 
the  respective  rise  or  fall  in  the  Izod  figure. 

The  microstructure  of  No.  2  of  the  outside  eyebolts  and  of  all 
four  sizes  of  our  own  manufacture,  considered  in  the  light  of  this 
evidence,  were  all  quite  satisfactory. 

The  following  results  (Table  8)  were  obtained  from  further  batches 
of  our  own  eyebolts,  which  were  systematically  examined  in  the 
same  manner  : — 
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It  will  be  noted  that  the  last  result,  caused  apparently  by  a  high 
phosphorus  figure,  was  a  very  poor  one,  leading  to  the  rejection  of 

the  batch. 

It  has  been  demonstrated  that  a  reasonably  good  Izod  figure 
must  be  obtained  before  a  batch  of  bolts  can  be  passed  into  service. 
In  the  light  of  one  or  two  of  the  results,  however,  it  would  appear 
that  another  desideratum  is  some  degree  of  rigidity,  which  will  be 
obtained  in  steels  having  carbon  figures  of  not  below  about  0-20  per 
cent.  This  further  requirement  is  put  forward  in  order  to  explain 
the  sligt-ly  inferior  behaviour  under  the  imitated  service  tests 
shown  by  some  of  the  steels  having  carbon  figures  below  this, 
although  showing  good  Izod  figures.  For  example,  one  of  the  bolts 
of  No.  2  (0-16  per  cent  carbon)  actually  broke,  although  the  other 
three  gave  excellent  results ;  while  one  of  the  bolts  from  No.  M3 
(0-18  per  cent  carbon)  did  not  give  a  result  quite  as  good  as  would 
from  its  Izod  figure  have  been  expected. 

Steels  containing  in  the  region  of  0-15  per  cent  of  carbon  thus 
appear  at  times  to  have  a  somewhat  greater  brittleness  in  service 
than  their  Izod  values  would  lead  one  to  expect,  and  the  qualification 
in  question  should  therefore  be  applied  to  steels  on  the  lower  limit 
of  carbon  content.  Apart  from  this,  it  is  clear  that  in  detecting 
really  brittle  bolts,  the  Izod  test  is  all  that  is  necessary.  As  regards 
the  upper  limit  of  carbon  content,  the  Izod  figure  begins  to  fall  off 
at  some  point  above  0-30  per  cent  of  carbon,  and  the  material  with 
increasing  carbon  figure  would  rapidly  become  unsuitable.  A  little 
more  work  is  necessary  before  one  is  able  to  fix  definitely  the  upper 
limit. 

Eyeholt  Specification. —In  view  of  the  above,  the  following 
requirements  should  be  laid  down  : — 

Carbon  content  of  steel,  preferably  not  less  than  0-20  per  cent, 
or  more  than,  say,  0-34  per  cent.  Izod  figure  preferably  not  less 
than  25  foot-lb.,  and  certainly  not  less  than  20  foot-lb.  The 
requirements  of  this  specification  are  generally  met  by  steel 
complying  with  the  Admiralty  31-35  ton  steel  specification,  although 
a  crood  deal  of  material  whicli  would  pass  the  latter  would  be  rejected 
by  the  former. 
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One  of  the  outstanding  features  of  this  investigation,  which  the 
Author  desires  particularly  to  emphasize,  is  the  correlation  between 
the  Izod  figures  and  the  microstructures.  It  has  been  often  stated 
that  very  wide  variations  in  notched-bar  figures,  either  given 
by  different  parts  of  the  same  steel  or  obtained  from  steels  of 
much  the  same  compositions,  are  often  found,  for  which  the 
microstructure  affords  no  explanation.  This  appears  often  true  for 
alloy  steels,  for  example,  in  regard  to  temper  brittleness,  but  in 
carbon  steels  the  reverse  is  the  case.  The  reason  for  the  differences 
in  Izod  figure  often  given  by  different  notches  on  the  same  bar  is 
usually  shown  by  the  microstructures,  and  this  does  not  appear  to 
be  generally  known. 

Low  Izod  figures  are  generally  associated  with  a  coarse  ferrite 
structure,  inadequately  reinforced  by  pearlite.  High  Izod  figures 
are  generally  associated  with  a  fine  ferrite  structure,  sufficiently 
reinforced  by  pearlite. 

From  the  fact  that  very  similar  ductility  figures  can  be  obtained 
from  these  two  classes,  it  is  clear  that  the  ductility  figures  obtained 
in  the  tensile  test  are,  as  has  been  already  shown,  valueless  in 
judging  the  quality  of  eyebolts.  The  natural  deduction  is  that  no 
test  can  be  considered  as  fundamental,  but  that  the  reliability  of 
any  test  must  be  estimated  entirely  by  the  service  conditions  under 
which  the  part  has  to  operate. 

The  Author  desires  to  express  to  Messrs.  W.  H.  Allen,  Sons 
&  Co.,  Ltd.,  his  thanks  for  their  permission  to  publish  the  results 
detailed  in  this  Paper. 

The  Paper  is  illustrated  by  Plate  11,  one  Fig.  in  the  letterpress, 
and  is  accompanied  by  an  Appendix. 


APPENDIX. 


The  following  additional  results  were  obtained  from  still  further 
batches  of  our  own  eyebolts,  which  were  passed  for  service  on  their 
carbon  and  Izod  figures,  no  imitated  service  tests  being  made. 
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For  comparative  purposes,  however,  the  Sankey  results  from  some 
of  these  have  bpen  included  : — 


TABLE  9. 

Test  No. 

Ulc. 

IJ  inch. 

Mid. 

IJ  inch, 

H2b. 

1^  inch. 

Per  cent. 

M3c. 

U4b 

Size. 

1  inch. 

Per  cent. 

1 
1  inch. 

Per  cent. 

Per  cent. 

Per  cent,  i 

Carbon  .... 

0-200 

0-26 

0-25 

0-29 

0-33 

Silicon  .... 

0-082 

0-09 

0-06 

0-15 

Tr. 

Sulphur 

0-042 

0-039 

0-034 

0-039 

0-058 

Phosphorus 

0-049 

0-045 

0-028 

0-030 

0-055 

ilanganesc 

0-58 

0-66 

o-db 

39 :  41  :  40 

0-50 
39:54:34:83 

0-G2 

Izod  results 

84 :  74  :  77 

40  .-  35  :  89 

30:31:30:29! 

Izod  average    . 

78 

38 
0-798 

40 

40 

30 

Dia.  of  test-piece.  1 
In./ 

0-798 

0-725 

0-798 

0-798 

Acting  length,  In. 

3-0 

3-0 

2-48 

3-0 

3-0 

Yield-point,            "l 
Tons  per  sq.  in./ 

21-0 

22-1 

14-0 

20-9 

23-1 

Ultimate  stress,      | 
Tons  per  sq.  in./ 

31-8 

33-2 

35-9 

34-0 

39-2 

Elongation,             "i 
Per  cent./ 

32  0 

31-3 

33-4 

32-4 

25-0 

Sankey  Test : 

No.  of  bends     . 

49-5 

— 

57 

40 

29-5 

Energy  to  fracture, \ 
ft. -lb./ 

3,072 

— 

4,120 

3,125 

2,462 
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THE  MANUFACTURE  OF  BRITISH  ASSOCIATION 
SCREW-THREAD  GAUGES.* 

By  T.  FARRANCE  DAVEY,  of  London,  Graduate. 


[Ahridged.l 

During  the  War,  owing  to  the  demand  for  mass  production  and 
incidentally  interchangeable  work,  gauges  were  used  more  than 
ever  before.  Amidst  an  infinite  variety,  screw-thread  gauges  stand 
predominant  as  regards  difficulty  of  manufacture.  These  vary  in 
diameter  from,  say,  -jVth  inch,  or  even  less,  up  to  1  foot  or  so.  The 
large  sizes  are  more  easily  made  than  smaller  ones,  such  as  the 
British  Association  screw-threads.  The  British  Association  threads 
have  been  taken  for  the  purposes  of  this  Paper  as  they  present 
greater  difficulties,  which  even  yet  have  not  been  overcome. 

The  tolerance  allowed  in  the  accuracy  of  the  gauge  is  of  the 
order  of  0*0002  inch.  This  extreme  accuracy  is  rendered  necessary 
by  the  demand  for  interchangeable  work.  Screws,  such  as  those  used 
in  R.A.F.  turnbuckles,  may  be  made  in  one  factory  while  the  nuts 
may  be  made  in  another.  On  assembling  them  they  must  fit  with 
the  accuracy  necessary  to  ensure  the  maximum  strength  of  the 
screw  being  obtained  without  the  need  for  selection.  This  accuracy 
can  be  obtained  to,  say,  0*  001  of  an  inch  by  means  of  suitable  gauges, 
but  these  in  their  turn  must  be  multiplied  to  facilitate  inspection. 
As  they  cannot  all  be  made  in  one  factory,  much  smaller  tolerances 
have  to  be  imposed.  Thus  extremely  accurate  generating  and 
measuring  appliances  have  to  be  used. 

The  present  Paper  deals  with:  (1)  design;  (2)  methods  and 
apparatus  used  in  measurement ;  (3)  compensation  and  correction 
for  errors  in  the  lathe ;  (4)  cutting  tools  ;  (5)  lapping  ;  (6)  heat- 
treatment. 

*  The  Author  has  been  awarded  a  Prize  by  the  Council  for  this  Paper, 
which  was  read  on  8th  IMarch  l'J20,  and  has  been  selected  for  publication. 

[The  I.Mech.E.] 
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The  screw-thread  is  dependent  for  its  accuracy  upon  its  various 
elements,  which  are  intimately  connected.  These  are  full,  core, 
and  eflective  diameters,  the  crest,  root,  slope  or  flank,  angle, 
groove,  pitch,  and  the  angle  of  rake. 

Errors  occur  in  all  the  elements.  The  full  and  core  diameters 
may  be  too  large  or  too  small.  The  eftective  diameter  may  also  be 
too  large  or  too  small,  but  it  is  dependent  upon  the  angle.  The 
pitch  may  have  two  errors,  one  a  progressive  and  the  other  a 
periodic  error.  Crests  and  roots  may  be  in  error,  adversely 
affecting  full  and  core  diameters.  The  angle  of  rake  m.ay  be  in 
error,  affecting  the  effective  diameter  and  the  angle,  but  this  error 
is  not  of  common  occurrence.  Various  other  errors  occur  if  the 
core  and  full  diameter  cylinders  are  not  concentric.  In  order  to 
measure  these  errors  and  elements  various  instruments  are 
employed. 

Micrometer  microscopes  of  various  designs  will  measure  pitch, 
angle,  full  and  core  diameters,  depth  and  effective  diameter,  but  the 
crests  and  roots  have  to  be  examined  by  means  of  a  projection 
apparatus,  which  projects  a  magnified  image  of  the  thread  upon  a 
screen,  where  it  can  be  compared  with  accurately  made  diagrams  of 
thread  sections.  Pitch,  and  full,  core,  and  effective  diameters  can, 
however,  be  measured  by  other  means.  Special  pitch  measuring 
machines  have  been  made,  and  by  means  of  specially  mounted 
micrometers  and  the  use  of  vee  pieces  and  cylinders  of  known  size, 
the  full,  core,  and  effective  diameters  can  be  accurately  measured. 

Sources  of  error  have  to  be  compensated  for.  These,  in  the  case 
of  the  measuring  instruments,  are  eliminated,  except  for  personal 
errors,  by  careful  calibration  with  accurate  standards.  The  lathe 
upon  which  the  screws  are  generated  will  have  a  pitch  error,  the 
gears  which  have  been  generated  upon  another  machine  will  also 
have  a  pitch  error.  These  two  combine  to  give  a  vei-y  probably 
varying  pitch  error  for  gauges  of  different  pitch  owing  to  the  use  of 
different  gears.  The  errors  of  the  lathe  have  therefore  to  be 
compensated  for  by  specially-designed  apparatus. 

Tools  for  cutting  the  thread  of  plug-gauges  are  of  the  single 
point  type,  chasers  being  found  difficult  to  make  with  any  accuracy. 
Circular  single  point  tools  are  also  made.  Circular  topping  tools 
for  cutting  the  radius  on  the  crest  are  used.  In  cutting  with  single 
point  tools  0  •  0005  inch  cuts  were  taken.  It  was  found  better  to  cut 
one  flank  at  a  time,  as  the  pitch  varied  as  the  tool  got  worn,  owing 
to  the  spoilt  edge  partly  rubbing  over  the  metal,  instead  of  cutting, 
and  so  taking  too  much  from  the  other  flank. 

Taps. — We  have  now  to  discuss  means  and  methods  for  cutting 
ring-screw  thread-gauges.  In  the  larger  types  of  ring-gauges  it  is 
possible  to  cut  the  thread,  directly  in  the  lathe,  by  means  of  a 
cutting  tool  similar  to  th;it  used  for  the  plug-gauges.  In  the  case 
of  small  diameter  gauges,  say  below  ^  inch  diameter,  this  method 
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cannot  be  used  owing  to  the  difficulty  of  making  the  tool  of  correct 
proportion  and  strength  to  prevent  chattering.  Recourse  has 
therefore  to  be  made  to  taps. 

It  was  thought  that  perhaps  some  of  the  taps  on  the  market 
might  be  of  sufficient  accuracy  for,  at  any  rate,  rough  tapping.  To 
this  end  one  or  two  makes  were  tested  and  gave .  the  following 
results  : — 


2  B.  A.  Angle  Pitch  Effective  Diameter 

Threads.  Error.  Error.  Error. 

+  9i^  -0-07m/m.  +  0-051  m/m. 

+  7^^  -0-05  m/m.  +0-010  m/m. 

B  3  Fair,  but  would  need  too  much  alteration  to  be  of  use. 


a{1 


It  was  therefore  necessary  to  make  complete  sets  of  taps  for  all 
the  gauges  to  be  cut.  At  first  the  old  method  of  having  three 
taps  was  used,  with  the  result  that  they  broke  on  the  slightest 
provocation.  It  was  then  decided  that,  although  involving  a 
tedious  process  initially,  yet  better  results  would  be  attained  in  the 
end  if  instead  of  having  perhaps  eighteen  threads  on  a  tap,  three 
short  taps  of  six  threads  were  made  in  its  place.  Thus  eventually 
a  series  of  about  nine  taps  was  evolved. 

Taking,  for  insttince,  the  set  of  2  B.  A.  taps  the  main  points 
to  notice  are  : — 

(1)  Each  tap  has  a  guiding  piece  in  front  which  just  fits  into 
the  hole  cut  by  the  previous  tap,  or  in  the  case  of  the  first  tap  into 
the  hole  left  by  the  tapping  drill. 

(2)  The  core  diameter  remains  low  throughout  the  set,  leaving 
metal  on  the  crest,  where  considerable  wear  takes  place  in  lapping. 

(3)  Up  to  the  fourth  tap  the  full  diameter  rises  fairly  rapidly, 
while  the  effective  diameter  remains  low.  Then  in  the  5th  and  6th 
taps  the  full  diameter  increases  only  slightly,  while  the  tap  cuts  the 
flanks  of  the  thread.  Thus  the  work  is  apportioned  out  to  each  tap 
so  as  to  divide  the  work  up  as  evenly  as  possible  between  them. 

(4)  A  seventh  tap  practically  finishes  the  crest  of  the  gauge 
leaving  it  +  0-0002.  On  this  tap  a  steadying  thread  was  cut  in 
front  of  the  cutting  tap.  This  made  sure  that  the  tap  was  cutting 
correctly  on  the  crest.  The  angle  of  the  tap  was  made  large  to 
prevent  the  tap,  if  of  too  long  or  too  short  a  pitch,  cutting  a  groove 
in  the  side. 

These  sets  of  taps  were  cut  from  silver  st^el,  and  after  being 
hardened,  polished  and  tempered  were  fluted  in  a  grinding 
machine,  but  thej  had  to  be  relieved  by  hand  as  no  relieving 
attachment  was  available.  For  making  the  laps  necessary  for 
lapping  plug  gauges  two  more  taps  had  to  be  made,  both  with  sharp 
crests,  one  being  standard  and  the  other  plus  on  the  effective.  In 
using  taps  it  was  found  to  be  absolutely  necessary  to  keep  those  in 
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lusc  for  tapping  brass  separate  from  those  for  tapping  step.l,  as,  if 
used  indiscriminately  for  both  metals,  they  "  seized  up  "  and  a 
fracture  occurred.  Evidently  the  two  materials  wore  the  cutting 
edge  of  the  tool,  each  in  a  diiferent  manner  giving  the  most 
effective  cutting  edge  for  the  given  material. 

Lapping. — Lapping  becomes  a  necessity  even  in  soft-type 
gauges  owing  to  the  difficulty  experienced  in  cutting  a  perfectly 
finished  thread  with  a  cutting  tool.  In  the  case  of  hardened 
gauges  the  need  is  much  greater,  due  to  errors  arising  in  the 
hardening  process.  In  order  to  remove  these  errors,  a  small 
amount  of  material  must  be  left  on  the  gauge,  which  after 
hardening  can  be  removed  as  required.  This  is  done  by  lapping 
with  an  abrasive,  as  a  cutting  tool  would  not  cut  the  metal. 
Various  types  of  thread  grinding  machines  for  the  larger  sizes  have 
been  made,  but  even  with  these  lapping  has  to  be  resorted  to  in 
order  to  get  the  fine  finish  required.  The  laps  necetisary  for  both 
plug  and  ring  gauges  are  :  — 

(1)  For  reducing  the  flanks  and  so  the  effective  diameter. 

(2)  For  reducing  the  full  diameter  and  correcting  the  radius  at 
the  crest. 

(3)  For  reducing  the  core  diameter  and  correcting  the  radius  at 
the  root. 

(4)  For  correcting  the  angle. 
(.5)  For  correcting  the  pitch. 

The  first  lap  consists  of  a  correctly  shaped  thread  slightly  large 
on  all  dimensions  in  order  to  go  on  the  plug,  or  small  if  to  go  in 
the  ring-gauge,  and  should  be  shorter  in  lengtli  than  the  thread  to 
be  lapped  to  eliminate  pitch  error. 

The  second  lap  consists  of  a  semi-circular  groove  of  the  correct 
radius.  The  third  lap  consists  of  a  thread  of  correct  full  diameter, 
but  low  on  the  efi'ective  and  core  diameter.  This  is  thus  able  to 
lap  only  the  root  of  the  gauge.  Tiie  angle  also  is  made  small  in 
order  to  lessen  the  effective  diameter  without  affecting  the  radius. 

If  the  angle  has  been  distorted  either  by  bad  lapping  or  in 
hardening,  it  may  be  corrected  by  means  of  the  fourth  lap.  In 
order  to  correct  a  thread  with  a  short  pitch,  a  long  pitch  lap  must 
be  used  and  must  be  longer  than  the  threaded  })art  of  the  gauge. 
For  a  long  pitch  thread  a  short  pitch  lap  must  be  used,  and  here 
a»ain  the  lap  must  be  longer  than  the  gauge  in  order  to  make  any 
difierence  in  the  pitch.  The  lap  should  be  about  half  as  long  again 
as  the  thread  being  lapped.  It  is  possible,  if  the  error  in  the  pitch 
is  small,  to  compensate  for  it  by  making  the  eflective  diameter 
small,  but  this  error  in  the  effective  diameter  of  course  has  to  be 
within  the  limits  allowed. 

Any  error  "  e "  in  the  pitch  of  B.  A.  threads  is  multiplied  by 
1  •  8  when  transferred  to  the  effective  diameter.     If  this  error  can 
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be  allo-wed  for,  then  the  periodic  error  in  the  pitch  of  the  gauge 

must  not  exceed  ±  ,-  „.     It  is  found  that  brass  is  far  superior  to  mild 

steel  or  cast-iron  for  lapping  purposes  (although  cast-iron  is  usually 
used  for  large  gauges),  because  : — 

(1)  It  is  easy  to  tap. 

(2)  It  is  cut" by  the  tap  or  the  tool  into  a  clean  thread  easily. 

(3)  The  abrasive  sinks  into  the  metal  easily. 

(4)  The  shape  of  the  thread  is  not  so  liable  to  distort  as  iron 
owing  to  the  toughness  of  the  brass. 

(.5)  The  scrap  metal  after  being  used  is  still  valuable. 

The  lap  should  fit  fairly  tightly  and  the  abrasive  should  be  as  fine 
as  possible.  Two  hundred  wash  emery  is  used  for  lapping  and 
rouge  for  obtaining  a  fine  polish.  These  abrasives  are  lubricated 
with  a  mixture  of  machine  and  lard  oil.  Fine  carborundum  was 
found  to  be  too  coarse,  and  distorted  the  thread.  The  tendency 
with  a  large  grain  abrasive  was  to  use  a  loose  lap.  The  grains  then 
found  their  way  to  the  crest  of  the  plug  or  the  root  of  the  ring- 
gauge  by  centrifugal  force.  Here,  where  the  greatest  speed  of 
cutting  occurred,  the  greatest  wear  resulted  and  hence  a  wide  angle 
was  obtained.     The  thread  also  became  scratched. 

Rings  are  rough  lapped  to  shape  after  having  been  hardened, 
and  are  then  carefully  finished,  being  repeatedly  tested  with  the 
test  plugs  after  having  been  washed  in  petrol  to  clean  them  from 
abrasive.  To  obtain  complete  control  of  the  gauges  during  the 
lapping  process,  a  small  breast  drill  was  mounted  horizontally  on  the 
bench  and  turned  by  hand.  The  laps  after  being  used  are  marked 
A.  B.  C,  etc.,  and  are  then  only  used  for  rough  lapping  owing  to 
possible  error  in  the  lap  due  to  wear,  and  are  in  time  discarded. 
In  very  fine  threads  less  than  4  B.  A.  it  was  found  difficult  to  lower 
the  core  of  the  plug -gauge  if  high  by  means  of  the  ordinary  laps, 
so  a  knife-edge  stoned  to  the  correct  radius  was  used. 

Heat- Treatment. — It  was  found  that  silver  steel  was  most 
suitable  for  these  small  gauges  as  it  was  made  of  suitable  diameter, 
was  finely  finished  and  was  uniform  in  structure,  being  free  from 
cracks  and  impurities.  However,  it  was  found  difficult  to  harden  it 
without  distortion.  Tests  were  ctirried  out  on  2  B.  A.  and  4  B.  A. 
plug  gauge  threads  and  it  was  found  from  the  results  that : 

(1)  The  fuU  diameter  rose  throughout  the  thread,  but  to  a 
greater  extent  at  the  point  of  junction  of  the  thread  with  the 
handle  than  at  the  other  end. 

(2)  The  same  applied  to  the  core  diameter. 

(3)  Thus  the  pitch  increases  owing  to  a  greater  length  of  thread 
resulting  due  to  the  taper  shape  of  the  gauge. 

o  2 
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(4)  The  effective  diameter  seems  to  be  less  at  the  back  of  the 
thread  than  at  the  front  and  decreases  throughout  the  length  of 
the  gauge. 

(5)  This  seems  to  imply  that  the  angle  at  the  back  widens  more 
than  the  angle  at  the  front. 

It  is  thus  evident  that  the  neck,  at  the  point  of  junction  of  the 
gauge  with  the  handle,  increases  distortion.  Error  is  also  due  to 
inherent  stresses  in  the  material  due  to  its  manufacture.  Stresses 
also  arise  in  the  cutting  of  the  thread. 

The  first  error  may  be  diminished  by  turning  oflF  the  surface  of 
the  steel  and  then  annealing  it  by  heating  the  metal  to  780°  or  800°  C, 
and  then  allowing  it  to  cool  slowly  in  sawdust  or  bone  charcoal  to 
retain  the  carbon  content  requisite  for  hardening. 

The  second  error,  due  to  the  cutting  of  the  thread,  may  be 
eliminated  to  a  great  extent  by  annealing  in  a  similar  manner 
after  rough  cutting.  The  thread  can  then  be  finished  and 
hardened.  Sudden  cooling,  as  by  water,  will  distort  the  metal  to 
a  larger  extent  than  will  oil  hardening.  It  was  found  that  by 
tempering  the  hardened  gauges  their  pitch  decreased.  It  was  also 
found  that  the  pitch  and  other  elements  tended  to  contract  as 
time  elapsed  after  hardening. 

The  error  varies  also  according  to  the  manner  in  which  they  are 
hardened.  If  the  gauge  is  plunged  end  on  into  the  quenching 
medium,  the  pitch  error  is  greater  than  that  caused  by  plunging 
the  gauge  in  side  on,  although  by  this  method  the  gauge  tends  to 
bend.  In  hardening  taps  it  is  found  that  let^s  error  occurs  if  the 
taps  are  hardened  before  the  flutes  are  made.  These  flutes  are 
then  ground,  but  care  has  to  be  taken  not  to  soften  the  tap. 

In  attempting  to  obtain  a  correct  pitch,  the  solution  is  not 
found  in  destroying  the  hardening  error,  but  by  making  it  as  small 
as  possible,  and,  knowing  how  much  it  is  going  to  be,  cutting 
a  short  pitch  screw  by  means  of  the  compensating  device.  On 
hardening,  the  pitch  can  then  be  made  to  rise  to  give  correct  pitch. 
This  condition  can  be  obtained  by  careful  experiment  with  one  of 
the  batch  of  gauges  in  process  of  manufacture  and  carefully  treating 
all  in  the  batch  in  the  same  manner. 

The  Paper  was  illustrated  by  Lantern  Slides. 
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UNVEILING  AND  DEDICATION  OF  THE 
WAR  MEMORIAL. 


17th  February  1921. 


The  Relatives  of  some  of  the  Fallen  with  members  of  The 
Institution,  numbering  about  60,  having  assembled  in  the  Meeting 
Hall  of  The  Institution,  Storey's  Gate,  London,  on  Thursday,  17th 
February  1921 ,  at  5.0  o'clock  p.m.,  the  Order  of  Ceremony  proceeded 
as  follows  : — 

The  Lord's  Prayer  was  said  by  the  Assembly,  standing,  followed 
by  the  Hymn  "  0  God,  our  Help  in  ages  past." 

The  President,  Captain  H.  Riall  Sankey,  C.B.,  C.B.E.,  R.E., 
ret.,  then  delivered  a  short  Address,  as  follows  : — 

My  Lord  Bishop,  Ladies  and  Gentlemex, 

We  are  met  this  afternoon  on  a  very  solemn  occasion  to  unveil 
a  Memorial  to  the  memory  of  those  members  of  our  Institution  who  gave 
up  their  lives  for  their  Country  during  the  Great  War.  I  feel  it  is  a  great 
honour  and  privilege  to  be  able  to  address,  as  President  of  The  Institution, 
a  few  words  to  tneir  relatives  and  friends.  Let  us  hope  that  the  first 
acute  feeling  of  loss  has  been  lessened,  and  merged  into  a  feeling  of  pride 
that  theirs  was  the  most  glorious  death  that  any  man  can  die — to  die  for 
his  Country.  This  Institution  desires  me  to  extend  to  the  relatives  and 
ikeif  friends  its  deepest  sympathy.    . 
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The  membere  of  The  Ingtitution  were  quick  to  respond  to  the  call  of 
arms  in  1914,  and  1,400  of  all  grades  joined  the  ranks  of  His  Majesty's 
Forces.  There  can  be  no  doubt  that  the  education  and  training  they 
received  in  order  to  fit  them  to  be  members  of  this  Institution,  and  the 
experience  they  subsequently  gained  as  members,  were  of  the  utmost  use 
in  helping  them  to  carry  out  the  various  duties  with  which  they  were 
entrusted,  and  in  no  small  measure  assisted  to  lead  to  final  victory.  Eighty, 
seven  of  our  members  and  one  member  of  the  staff  made  the  Supreme 
Sacrifice,  and  they  would  not  have  had  it  otherwise.  They  were  fighting 
for  the  right,  and  the  right  prevailed.  Nevertheless,  had  we  lost,  our 
profound  debt  of  gratitude  and  the  honour  and  esteem  in  which  we  hold 
their  names  would  have  been  the  same. 

I  would  like  to  have  been  able  to  say  something  about  all  those  whose 
names  appear  on  the  IMemorial  Tablet,  but  time  will  obviously  not  permit. 
I  will,  therefore,  onlj'  refer  to  a  few. 

First,  Sir  Frederick  Donaldson  :  he  was  President  of  this  Institution 
for  two  years  in  1913  and  1914  ;  he  occupied  many  important  posts  during 
his  long  and  strenuous  career,  the  last  of  which  was  as  a  Member  of  the 
Staff  of  Lord  Kitchener  on  the  mission  to  Russia.  He  lost  his  life  in  the 
sinking  of  H.M.S.  "Hampshire"  on  5th  June  191G.  We  on  the  Covmcil 
had  the  greatest  respect,  admiration,  and  affection  for  Sir  Frederick,  and 
his  death  was  a  serious  loss  to  us. 

Leslie  Stephen  Robertson  accompanied  Sir  Frederick  and  lost  his  life 
on  the  same  occasion.  He  was  a  well-known  Engineer,  and  left  many 
friends  to  mourn  his  loss.  His  work  as  Secretary  of  The  Engineering 
Standards  Committee  was  of  the  greatest  importance.  It  was  very  near 
his  heart,  and  it  is  a  work  which  has  been  of  the  utmost  value  to  the 
Engineering  profession  in  this  country. 

Professor  Bertram  Hopkinson  was  also  a  well-known  Engineer  and  an 
authority  on  all  matters  connected  with  Internal -Combustion  Engines. 
He  was  Principal  of  the  Engineering  Laboratories  at  Cambridge,  which 
were  foimded  in  memory  of  his  father.  Dr.  John  Hopkinson.  He  joined 
the  Air  Force  and  was  killed  whilst  flying. 

The  other  names  we  must  pass  over  in  silence,  but  we  may  be  sure 
that  had  they  been  spared  they  would  have  made  a  success  of  their 
profession,  and  many  would  have  risen  to  eminence.  Nevertheless  their 
death  was  of  greater  value  to  the  country,  and  we  can  be  quite  sure  that 
they  and  others  have  prevented  this  covmtry — this  British  Empire  of  ours 
— from  being  under  the  domination  of  Germany.  Let  us  do  homage  to 
our  Glorious  Dead. 


Fkb.  1021. 
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The  Assembly,  having  adjourned  to  the  Entrance  Hall,  Prayer 
was  offered  by  the  Dean  of  Westminster  (The  Right  Rev.  Bishop 
Ryle,  K.C.V.O.,  D.D.),  and  the  President  unveiled  the  Memorial 
Tablet,  after  which  the  Dean  dedicated  the  Memorial  and  pronounced 
the  Blessing. 

The  Hymn  '•  The  Saints  of  God  !  their  conflict  past  "  was  then 
sung,  followed  by  the  "  Last  Post  "  sounded  by  Buglers,  which 
concluded  the  Ceremony. 

The  Inscription  on  the  Memorial  is  as  follows  : — 


OUR    GLORIOUS    DEAD 
1914-1919. 


ADAMS,  DUDLEY 
ANDREWS,  G.  L. 
ANDREWS,  H.  G. 
ARMSTRONG,  P.  T. 
ARMSTRONG,  W.  K. 
BARNES,  E.  E. 
BARRETT,  E.  B. 
BARSTOW,  M.  \V. 
BRUCE,  A.  C.  A. 
BUCKTON,  A.  S. 
BUMPUS,  B.  E. 
BUSK,  E.  T. 
CABLE,  G.  P. 
CASSON,  WILLIAM 
CORFE,  A.  W. 
COUSIN,  A.  N. 
CRICHTON,  .1.  A. 
CROFTON,  E.  V.  M. 
CUNNINGHAM,  F.   L. 
DAVIDSON,  J.  S. 
DEAKIN,  G.  W. 
DOMLEO,  R.  F. 
DONALDSON,  H.  F. 
DOUGLASS,  P.  C.  D. 
DRUITT,  C.  L. 
ELLIS,  II.  D. 


GILBERT,  DAVID  ! 

GOODEVE,  T.  E. 
GORDON,  VIVIAN 
GORT,  A.  H.  i 

GRIFFITHS,  R.  S.  ' 

GRIMWOOD,  B.  C.   R. 
HAILE,  EDWARD 
HALL,  G.  S. 
HALL,  W.  B. 
HANDCOCK,  R.  H. 
HARRIS,  L.  A.  P. 
HARRISON,  D.  R.  D. 
HARVEY,  W.  C. 
HATTON,  R.  A. 
HEWSON,  C.  L.  B. 
HOLLINGSWORTH,  FREDK. 
HOPKINSON,  BERTRAM 
HOWARTH,  JOHN 
INCHLEY,  W^ILLIAM 
JAMES,  W.  D. 
JOHNSTON,  A.  D. 
KENNEDY%  CHARLES 
KEYMS,  T.  B. 
LANGDON,  D.  E. 
LTLEY,  H.  D. 
MACAULAY,  M.  S. 
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McGROARTY,  R.  D. 
McNAUGHTOX,  R.  M.  C. 
MANISTY,  H.  S. 
MANNING,  G.  A. 
MAUNSELL,  R.   G.   F. 
NEILSON,  A.  M. 
NORTHCOTT,  H.  H.  M. 
OKEY,  W.  E. 
PARSONS,  B.  F. 
POYNTING,  ARTHUR 
REED,  F.  H. 
REYNOLDS,  W.  A. 
ROBB,  H.  B. 
ROBERTSON,  L.  S. 
ROBERTSON,  R.  S. 
ST.  LEGIER,  A.  S.  de 
SCHNEIDER,  H.  H. 
SCOTCHER,  W.   G.  Staff: 


SHIRLEY,  F.  L. 
SPINK,  R.  J. 
STEPHENS,  H.   G. 
TAYLOR,  C.   G. 
TEBBUTT,   O.   N. 
THOMAS,  J.  V. 
THORNE,  G.  S. 
TREMEARNE,  W.   C. 
VANDELL,  H.  I. 
VENNING,  T.  A. 
VYALL,  L.   E. 
WALKER,  R.   H. 
WELSH,  A.  v.. 
WILKINS,  F.   T. 
WILSON,  JOHN 
WILSON,  L.  H. 
WORSSAM,  L.   H. 
NEWTON,  EDWARD 


A  photograph  of  the  Memorial  will  Le  found  on  Tlate  12. 
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PROCEEDINGS. 


ANNUAL  GENERAL  MEETING. 


February  1921. 


The  Seventy-Fourth  Axxual  General  Meeting  was  held 
at  The  Institution,  London,  on  Friday,  18th  February  1921,  at 
Six  o'clock  p.m.  ;  Captain  H.  Riall  Sankey,  C.B.,  C.B.E.,  R.E., 
ret.,  President,  in  the  Chair. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 

The  President  announced  that  the  follo^^-ing  76  Candidates  had 
been  duly  elected  : — 

MEMBER. 

BiECH,  Jacob,     .......     London. 


ASSOCIATE  MEMBERS. 


Angles,  John  William, 
BoSE,  Naba  Kumar,    .  .  . 

Beowxe,  Oswald  Henry, 
BuTTERFiELD,  Harry  Vernon. 
CoDXER,  William  Hubert,    . 
Collins,  John,  .... 
Gumming,  John, 
Davies,  Arthiar  Everitt  Val, 
DowDEN,  Percy  PeUatt,  Lieut. -Col.,  B 
Edger,  Harry  Alexander,    . 
Farrar,  George  Edward,     . 
GoONEWAEDENE,  Don  Antony,     . 
GUTTEKIDGE,  Hal, 


.A..S.C 


West  Hartlepool. 
Jamalpiir. 
Hyderabad. 
Cairo. 
Colchester. 
.      Sheffield. 
UmbaUa. 
Cape  Town. 
Cologne. 
London, 
Kew. 
Colombo. 
London. 
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Haywood,  Cliarles,     . 
Hedley,  John  Fenwick, 
Jenkins,  Charles  Edmund,  . 
Jensen,  Axel  Emil, 
Leonard,  Lionel  Douglas, 
London,  Henry  Michael  Ainsworth, 
Moon,  Hubert  Peter, 
MusGRAVE,  John, 
Newling,  Walter  Pickworth, 

PoNTET,  Henry, 
Richards,  Thomas  Henrj', 
Robinson,  George  Holroyd, 
Rose,  Sydney,    .... 
Symonds,  John  Charters,  Major,  R.A.S 
Taffs,  Cecil  Willoughby  James, 
Trigle,  Sidney  Edward, 
Wadams,  Samuel  James, 
WiLtcox,  Christopher  Watson,     . 


Nairobi. 

Sheffield. 

Kedah. 

Johannesburg. 

Derbj^ 

Newcastle-on-Tyne. 

London. 

ISIanchester. 

Abingdon-on- 

Thames. 
Minatitlan. 
London. 
Enfield  Lock. 
Lincoln. 
Cologne. 
London. 
Portsmouth. 
Derby. 
London. 


associate. 


Cadjian,  Claude  Greener, 


Kuala  Lumpur. 


graditates. 


Allcock,  Harold  Jolm, 
Austin,  Percy  Ellis, 
Bajiber,  Graham  Robert, 
BoNNYMAN,  George  Alexander, 
Booth,  Tom  Askew,     . 
Card  WELL,  Edwin, 
Clarke,  Arthur  Gibson  Robert, 
Dalgliesh,  David, 
Dixon,  Donald  Morgan, 
Eldridge,  Tilden  Tlieodore, 
Goodman,  Hugh  Frederick, 
GowER,  Godfrey  Philip, 
Grieve,  James  Alexander  Walker 
Hockley,  Horace  Reginald, 
Hollands,  Herbert  WiUiam, 
IsLip,  Percy  Cuthbert, 
Jennings,  Harold  Auguste, 
Judd,  aijSord  Hall, 
Keep,  Herbert  Stanley, 
Knight,  Robert  Duncan, 
Lindsay,  Wallace  Gordon, 
Mansell,  Arthur  George, 
Metcalf,  Bernard  Leslie, 
Metcalf,  Henry  Kenneth,    . 
MuNRO,  William  Thomas, 
Panton,  Sydney  Joseph  Armitage 
Peck,  John  Frederick, 
PiLKiNGTON,  Peter,     . 
Pitt,  George  Albert, 
Preston,  John  Scott, 


Cardiff. 

London. 

Manchester. 

London. 

London. 

Newcastle-on-Tyne. 

London. 

London. 

London. 

London. 

London. 

London. 

Glasgow. 

London. 

Bilston. 

London. 

London. 

Hampton  Hill. 

Hitchin. 

Weybridge. 

London. 

London. 

Glasgow. 

Glasgow. 

London. 

Derby. 

London. 

London. 

London. 

London, 
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Prior,  Uriah  Jolin, 

Rayden,  Raymond  Georges, 

Ritchie,  Johm,     . 

Ryves,  Francis  Donal  Moncrieff, 

Scott,  Harold  Richard, 

Sparkes,  WilUam  John, 

Spencer,  Charles  Alfred, 

Stuart,  Macdonald  Douglas  Gilroy, 

Tnoiipsox,  Cecil, 

Vaughax,  Philip  Beaiimont, 

Whyte,  Daniel, 

WoODixG,  James, 

Wright,  Philip  Alan,   . 


London. 

London. 

London. 

London. 

London. 

Bristol. 

Melton  Mowbray. 

Bristol. 

Bristol. 

London. 

London. 

Bedford. 

London. 


The  Pkesidext  announced  tliat  tlie  following  seven  Transferences 
had  been  made  : — 


Associate  Members  to  Memhers. 


Bamford,  William,     . 

Carosio,  Giovanni, 

Pacey,  Stewart  Oswald, 

Spencer,  Arthur  John, 

TiTREN,  Gterald  Ernest  de  Keyser, 

Walkem,  George  Alexander, 

Watts,  Herbert  WilUe,  Captain,  R.E., 


London. 

Buenos  Aires. 

Santos. 

London. 

Johannesburg 

^'ancouver. 

Calcutta. 


The  Annual  Report  of  the  Council  for  the  year  1920  was  then 
presented,  and  taken  as  read. 


The  President  said  that  in  presenting  the  Accounts  he  would 
like  to  say  that  they  had  been  prepared  in  the  usual  manner  and 
according  to  the  usual  form,  and  it  would  be  noticed  that  there  was 
a  debit  balance  of  £6,349  195.  od.  No  doubt  the  members  would 
desire  some  explanation  of  that  debit  balance.  He  would  first  point 
out  that  on  the  debtor  side  of  the  account  there  was  a  sum  of  £1,000 
to  be  carried  to  the  Debenture  Sinking  Fund,  and  that  a  like  sum 
df  £1,000  was  to  be  carried  to  the  Stafi  Pension  Fund.  Those 
amounts  had  therefore  not  left  the  Institution,  but  were  merely 
transferred  from  one  account  to  the  other.  That  left  the  true  excess 
of  expenditure  over  revenue  at  £4,-349  19.s.  3fZ.  The  reason  for  that 
excess  was  first,  tliat  last  year  the  revenue  was  on  a  pre-war  basis, 


204  ANNUAL   REPORT.  Feb.  1921 

(The  President.) 

because  the  recent  increase  in  subscriptions  had  not  taken  efEect — 
in  the  coming  year  that  would  bring  in  an  increase  of  revenue  which 
it  was  estimated  would  be  approximately  £4,000;  secondly,  the 
expenditure  was  on  a  post-war  basis — the  cost  of  everything  had 
gone  up  seriously.  To  give  only  one  instance,  the  increase  in 
the  printing  bill  alone  was  £5,500,  which  was  more  than  the  whole 
of  the  deficiency. 

During  1915  it  became  evident  to  the  Council  that,  with  the 
commandeering  of  the  Institution  House  by  the  Government  and  the 
receipt  of  a  considerable  rent  for  it,  there  lay  before  the  Institution 
a  period  of  restriction,  not  only  of  activities,  but  also  of  expenditure  ; 
and  with  the  certainty  of  a  surplus  revenue  it  was  the  duty  of  the 
Council  to  conserve  the  funds  against  the  days  in  an  uncertain 
future.  In  1916  a  considered  scheme  of  reserves  was  worked  out 
by  Mr.  Mark  Robinson,  the  Chairman  of  the  Finance  Committee. 
He  would  like  to  say  that  the  Council  and  the  members  in  general 
owed  a  great  debt  of  gratitude  to  Mr.  Mark  Robinson  for  the  care 
and  foresight  he  had  exercised  in  that  matter.  The  scheme  was 
approved  by  the  Council  in  May,  1917.  Apart  from  the  larger 
funds  created  for  more  permanent  and  very  necessary  objects,  a 
special  fund  was  created  under  the  name  of  "  General  Reserve," 
amounting  to  £18,061,  formed  expressly  to  meet  the  difi&culties 
which  would  be  met  with  in  the  post-war  transition  period  which 
was  now  being  experienced.  By  a  resolution  of  the  Council  of 
the  18th  May  1917,  it  was  laid  down  that  that  fund  should  bo 
"  subject  to  such  withdrawals  as  the  Council  might  from  time  to 
time  direct,  whether  for  transfer  to  other  reserve  funds  or  for  the 
current  services  of  the  Institution."  In  other  words,  that  particular 
fund  was  to  be,  so  far  as  the  necessity  might  arise,  a  "  carry- 
forward "  from  year  to  year,  invested  more  profitably  than  being 
merely  placed  on  deposit,  but  still  a  carry-forward  until  the  war 
transition  period  should  be  completed,  which  should  now  be  taken 
to  mean  until  the  year  1921  had  ended,  the  economy  of  that  year 
tested  and  its  lessons  learned.  By  a  resolution  of  the  Council,  the 
debit  balance  would  be  taken  from  that  fund. 

The  Council  were  determined  that,  without  in  any  way  detracting 
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from  the  usefulness  and  the  activities  of  the  Institution,  and 
especially  of  the  Journal  and  the  Proceedings,  the  expenditure 
should  not  continue  to  exceed  the  revenue,  and  with  that  object 
in  view  three  special  Committees  had  been  formed  with  very  definite 
references,  to  find  out  in  what  way  expenditure  -could  be  reduced 
and  at  the  same  time  efficiency  maintained  or  even  increased.  He 
did  not  think  there  was  anything  further  he  could  say  on  the  accounts, 
and  with  regard  to  the  remainder  of  the  Report,  dealing  vnth  the 
Research  Committees  and  the  various  other  Committees,  the  Report 
itself  gave  all  the  information  that  was  required.  If  any  members 
had  any  remarks  to  make  on  the  Report  he  would  be  pleased  to  hear 
them. 

Mr.  G.  W.  Thompson  inquired  whether  any  members  were  on 
the  special  Committees  mentioned  by  the  President,  or  were  they 
entirely  composed  of  the  Council  ? 

The  President  said  they  were  Committees  of  the  Coimcil.  He 
had  no  doubt  that,  if  the  Committees  thought  they  could  get  any 
information  from  members  generally,  they  would  co-opt  them  or 
ask  them  to  give  evidence. 

Mr.  Thompson  said  he  was  pleased  to  hear  the  President  say 
that  the  Committees  would  look  into  the  question  of  finance,  because 
it  appeared  to  him  that  £29,000  was  a  very  large  item.  Particularly 
he  would  draw  attention  to  three  items  on  the  left-hand  side— the 
reception,  the  dinner  expenses,  and  the  portrait  of  Dr.  Unwin. 
Those  three  items  altogether  amounted  to  £1,000.  Last  year  he 
asked  particularly  that  there  should  be  some  retrenchment  and  the 
work  carried  on  according  to  the  revenue,  and  he  was  told  that 
more  money  would  be  coming  in.  He  had  been  pleased  to  hear  the 
President's  remarks,  but  he  would  point  out  that  over  £5,000  had 
been  spent  in  printing,  which  meant  that  the  volumes  of  Proceedings 
for  the  year  were  costing  the  Institution  about  13s.  6d.  He  therefore 
moved  "  That  a  Committee  be  appointed  comprising  certain  Members 
of  the  Council  and  certain  Members  and  Associate  Members." 
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31r.  p.  S.  TiTT  seconded  the  motion. 

Mr.  E.  W.  Petter  said  before  the  vote  was  taken  he  would  like 
to  speak  to  the  amendment.  In  view  of  the  remarks  that  had  been 
made  by  the  President,  he  thought  the  committee  that  had  been 
proposed  by  Mr.  Thompson  was  entirely  uncalled  for.  It  was  quite 
a  usual  thing,  with  the  enormous  increase  in  expenses  which  had 
overtaken  everyone,  both  in  business  and  in  domestic  life,  for 
people  to  find  themselves  in  a  financial  position  such  as  had  been 
disclosed  by  the  accounts  that  evening.  If  the  Council  were  not 
fully  alive  to  the  situation,  there  would  be  something  to  be  said 
for  the  formation  of  such  a  committee  as  was  proposed,  but  the 
Council  recognized  the  position  and  had  appointed  special  committees 
to  deal  with  it.  He  thought  he  was  right  in  saying  that  the 
subscriptions  for  1920  of  old  members  of  the  Institution  had  not 
been  increased  at  all,  and  therefore  the  post-war  work  of  the 
Institution  had  to  be  carried  on  with  practically  the  pre-war 
income.  That  was  really  the  thing  the  Council  had  had  to  meet. 
Although  everyone  regretted  to  see  the  adverse  balance,  he  did 
not  think  any  situation  had  arisen  which  made  it  necessary  to 
form  a  committee  of  the  sort  suggested.  He  thought  the  matter 
could  be  quite  safely  left  to  be  dealt  with  by  the  Council  in  the 
way  that  had  been  suggested  by  the  President. 

The  President  pointed  out  that  a  committee  such  as  Mr. 
Thompson  wished  to  have  would  be  doing  the  same  work  as  one 
or  other  or  the  whole  three  committees  that  had  been  appointed 
by  the  Council.  As  the  question  of  those  committees  had  been 
referred  to,  he  would  tell  the  meeting  what  they  were.  The  first 
Committee  would  deal  with  the  cost  of  the  publications  and  the 
Journal,  with  printing,  stationery  and  all  such  kindred  matters. 
The  second  Committee  would  deal  with  the  expenses  of  the  Dinner, 
the  Conversazione,  and  the  Summer  Meeting.  The  third  Committee 
would  devote  itself  to  the  question  of  research,  as  to  whether  it 
was  possible  to  reduce  the  amount  now  being  spent  on  research 
or  possibly  get  other  people  to  help  in  those  researches.     Those 
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tl.rcc  Coiinuitlccs,  he  thought,  covered  the  whole  ground,  and 
probably  more  ground  than  Mr.  Thompson  had  in  his  mind.  If 
another  Committee  was  formed,  in  the  way  suggested  by  Mr. 
Thompson,  it  was  getting  near  to  a  vote  of  want  of  confidence  in 
the  Council. 

Dr.  H.  S.  Hele-Shaw,  F.R.S.,  Member  of  Council,  said  that 
the  Institution  always  had  been,  and  he  hoped  always  would  be, 
a  self-governing  body.  In  the  election  of  the  new  Council,  new  blood 
had  been  introduced,  and  therefore  it  was  only  reasonable  that  the 
new  Committees  the  President  had  mentioned  should  contain  some 
of  the  new  men  who  had  come  on  the  Council,  and  in  that  way 
the  body  of  members  was  going  to  be  thoroughly  represented. 

The  President  asked  Mr.  Thompson  whether  he  would  like 
to  withdraw  his  motion. 

Mr.  G.  ^Y.  Thompson  said  it  was  not  in  his  mind  to  move  a 
vote  of  want  of  confidence  in  the  Council,  and  he  was  sorry  if  that 
impression  had  been  formed.  All  he  wanted  was  that  the  members 
should  work  in  conjunction  with  the  Council. 

The  President  said  Mr.  Thompson  obviously  was  not  aware 
that  quite  a  number  of  Committees  had  members  on  them  who 
were  not  on  the  Council.  It  was  as  well  for  the  members  to  know 
that,  with  the  exception  of  a  certain  number  of  Committees  which 
were  Council  Committees  and  which  must  be  composed  of  Members 
of  Council,  as  they  dealt  with  matters  which  could  not  be  made 
public  generallv,  almost  all  the  Committees  had  corporate  members 
upon  them.  He  asked  whether  Mr.  Thompson  would  put  his  motion 
or  withdraw  it. 

Mr.  Thompson  said  he  would  let  the  motion  stand. 

Mr.  P.  S.  Pitt  said  he  would  still  second  it. 

Mr.  H.  Bath  Spencer  thought  it  was  a  wrong  conclusion  to 
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take  the  proposal  as  being  a  vote  of  censure  in  any  way  on  the 
Council.  He  himself  took  it  as  a  sign  of  life  in  the  Institution. 
There  was  only  one  time  in  the  year  when  the  members  had  a 
chance  of  asking  questions  and  of  expressing  their  opinions  on 
matters  which  concerned  the  welfare  of  the  Institution,  and  he 
was  quite  sure  that  all  the  members  wished  was  that  they  should 
know  exactly  what  was  going  on,  so  that  they  might  take  a  live 
and  keen  interest  in  the  work.  It  was  not  an  unusual  thing,  especially 
when  matters  of  finance  came  up,  in  the  very  special  situation  the 
country  was  in  at  the  present  time,  for  a  Council  to  invite  the 
assistance  of  the  general  body  of  members,  and  he  thought  that  if 
some  Members  and  Associate  Members  were  co-opted  on  to  the 
Committees  it  would  meet  Mr.  Thompson's  objection. 

Mr.  Mark  H.  Robixsox,  Vice-President,  asked  if  it  was 
understood  that  Mr.  Thompson's  proposed  Committee  was  in 
efiect  a  vote  of  censure  upon  the  Council,  though  the  only  fault 
which  it  seemed  possible  to  charge  against  the  Council  was  that  it 
had  not  raised  the  subscription  early  enough.  The  reason  for 
that,  if  it  was  a  fault,  was  that  the  wording  of  the  Articles  of 
Association  made  it  difficult  to  augment  the  subscription  revenue 
in  much  less  than  two  years  after  the  necessity  for  such  a  step  had 
become  apparent — in  the  present  case  by  the  completion,  in  1919, 
of  the  accounts  for  1918.  The  increase  then  seen  to  be  necessary 
could  not  be  submitted  to  an  Annual  General  Meeting  until 
Febuary  1920,  nor  take  effect  (except  to  a  very  small  extent)  until 
1921.  The  Institution  had  been  working  on  the  old  revenue,  as 
the  President  had  pointed  out,  though  with  greatly  increased 
expenditure.  In  1919  it  was  not  possible  to  say  what  might 
happen  in  another  year  or  two  years  ;  all  the  Council  could  do 
was  to  provide  an  ample  carry-forward  during  the  good  times, 
80  as  to  be  ready  for  whatever  might  come.  That  was  done.  In 
the  course  of  the  next  few  months  the  Council  would  know  more 
exactly  what  was  going  to  happen,  and  they  were  taking  the 
earliest  possible  means  and  the  most  drastic  means  of  finding  out 
what  they  could  do  to  reduce  expenditure  in  the  future. 
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The  President  thought  posail^ly  the  sense  of  the  Meeting  and 
also  Mr.  Thompson's  view  would  be  met  if  he  said  that  the  three 
Committees  would  be  given  power  to  co-opt. 

Mr.  Thompson  said  he  was  quite  agreeable  to  that. 

Mr.  Pitt  wished  to  know  whether  the  Council  would  exercise 
that  power. 

The  President  stated  the  matter  must  be  left  to  the  Council. 

Mr.  G,  D.  Drewitt  said  he  was  rather  in  agreement  with  all 
that  Mr.  Thompson  and  other  members  had  said  about  the  very 
heavy  expense  in  connexion  with  several  items  connected  with  the 
Journal,  as,  for  instance,  printing.  He  thought  a  considerable 
amount  of  money  might  be  saved  by  putting  the  Journal  out  to 
tender  to  see  what  could  be  done.  He  thought  Mr.  Thompson's 
idea  of  having  one  or  two  younger  members  on  the  Committees,  to 
see  if  it  was  possible  that  economies  could  be  effected,  was  a  good 
one,  and  he  did  not  regard  it  in  any  way  as  a  vote  of  censure. 

The  Motion  for  the  adoption  of  the  Annual  Report  was  then 
put  and  carried  unanimously. 


The  President  said  before  the  Paper  and  discussion  were  taken 
up,  he  would  like  to  refer  to  the  Benevolent  Fimd,  the  Annual  Meeting 
of  which  would  take  place  immediately  after  the  present  Meeting. 
Notwithstanding  the  many  appeals  that  had  been  made,  that  Fund 
was  not  taken  up  by  the  members  in  the  spirit  which  it  deserved. 
There  seemed  to  be  a  feeling  that  unless  an  aimual  subscription  of  a 
guinea  could  be  given  it  was  infra  dig.  to  give  anything  at  all. 
Obviously  one  guinea  a  year  might  be  a  very  serious  tax  on  the 
younger  and  less  well  paid  members  of  the  Institution,  but 
why  not  subscribe  55,   or  even   2*,   6d.  ?     There  were   now  7,500 
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members,  and  if  each  of  them  were  to  subscribe  5s.  the  income 
would  be  £1,875,  while  at  the  jjiesent  moment  it  was  only  £429. 
It  was  true  that  the  demands  on  the  Fund  at  present  were  not 
very  great,  but  now  was  the  time  to  build  it  up.  Moreover,  if  the 
income  were  greater,  many  things  could  be  done  which  could  not 
be  done  now,  most  desirable  things,  such  as  paying  the  college  feea 
or  the  apprenticeship  expenses  of  the  sons  of  widows  of  members. 
He  hoped  therefore  that  each  member  of  the  Institution  would  see 
his  way  to  paying  a  small  subscription,  and  he  asked  the  members 
to  take  the  matter  into  very  serious  consideration.  It  might  be 
that  some  day  the  Benevolent  Fund  would  be  of  advantage  to  some 
of  those  who  were  present  that  evening,  and  even  if  it  were  not, 
they  would  feel  that  they  were  helping  the  less  fortunate  members 
of  the  Institution. 


The  President  then  presented  the  following  Prizes  : — 

The  Sir  Robert  HadfieU  Prize,  1921  :  To  Mr.  H.  Moore,  O.B.E., 
for  his  Paper  on  "A  small  Ball-Hardness  Testing-Machine " 
(Proceedings,  1921,  page  51). 

Best  Papers  in  the  Graduates'  Association :  A  prize  of  £5  to 
T.  F.  Davey  for  his  Paper  on  "  The  Manufacture  of  British 
Association  Screw-Thread  Gauges"  (page  191),  and  one  of  £3  to 
F.  M.  Green,  for  his  Paper  on  "  Modern  Steam-Turbines." 

Institution  Examinations  :  A  price  of  £5  to  W.  Abbott  (Associate 
Membership  Examination),  and  prizes  of  £3  each  to  W.  H.  Morris 
and  A.  C.  Page  (Graduateship  Examination). 


The  President  reported  that  the  Ballot  Lists  for  the  election 
of  Officers  for  the  present  year  had  been  opened  by  a  Committee  of 
the  Council,  and  that  the  following  were  found  to  be  duly  elected : — 

President. 

Captain  H.   Riall  Sankey,   C.B.,   C.B.E., 

R.E.,  ret., London. 
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Vice-Presidents. 

Sir    IvonEiyr    A.    Hadfield,    Bart.,    D.Sc, 

D.Met.,  F.R.S., 

H.  S.  Hele-Shaw,  LL.D.,  D.Sc,  F.R.S.,       . 

Members  of  Council. 

H.  I.  Brackenbury,  C.B.E., 
Alan  E.  L.  Chorlton,  C.B.E.,    . 
Lt.-Colonel  A.  E  Davidson,  D.S.O.,  K.E.,  . 
Sir  Gerard  A.  Muntz,  Bart., 
LouGHNAN  St.  L.  Pendred, 

William  Reavell, 

T.  E.  Stanton,  C.B.E.,  D.Se.,  F.R.S.,  . 


Sheffield. 
London. 


Newcastle-on-Tyne. 

London. 

London. 

Binningliam. 

London. 

Ipswich. 

Teddinston. 


The  President  announced  that  the  Council  had  made  the 
following  appointments  to  serve  on  the  Council,  under  Article  23. 
They  would  retire  at  the  next  Annual  General  Meeting,  and  would 
be  eligible  for  reappointment  : — 


Past-Presidents. 

Edward  Hopkinson,  D.Sc,  M.P., 
Michael  Longridge,  C.B.E., 
Williaai  H.  Maw,  LL.D.,  . 
W.  Cawthorne  Unwin,  LL.D.,  F.R.S., 


Pasl'V  ice-Presidents. 


William  H.  Allen, 
J.  Rossiter  Hoyle, 
aURK  H.  Robinson, 


^Manchester. 
London. 
London. 
London. 


Bedford. 
London. 
London. 


The  Council  had  also  made  the  following  appointments  to  fill 
the  consequent  vacancies  in  the  Council.  They  would  retire  at  the 
next  Annual  General  Meeting,  and  would  be  eligible  for  election  :— 
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Vice-Presidents. 

Sir  John  Dewrance,  K.B.E.,       .         .         .  London. 

Sir  Gerard  A.  Muntz,  Bart.,        .         .         .  Birmingham. 

William  H.  Patchell,        ....  London. 

Sir  YixcEXT  L.  Kavex,  K.B.E.,    .  .  .  Darlington. 

Members  of  Council. 

L.  A.  Legros,  O.B.E.,  ....  London. 

Frederick  H.  Livens,  ....  Lincoln. 

Ernest  W.  Fetter,     .....  London. 

David  E.  Roberts,      .....  Cardifi. 

Chairmen  of  Local  Branches. 

Edward  C.  R.  Marks,  ....  Birmingham. 

Lt.-Colonel  E.  Kitson  Clark,       .         .         .  Leeds. 

Charles  Day,  .....  Manchester. 


The  Council  for  the  present  year  is  therefore  as  follows  : — 
President. 

Captain  H.  Riall  Sankey,  C.B.,  C.B.E.,  R.E.,  ret.,  London. 

Past  -  Prcs  ide  nts. 

Edward  Hopkinsox,  D.Sc  M.P.,         .  .  .  Manchester. 

MiCHAJEL  LOXGKIDGE,  C.B.E.,  ....  LouJoil. 

William  H.  Maw,  LL.D,,    .....  London. 

W.  Cawthorne  L'nwin,  LL.D.,  F.R.vS.,  .  .  London. 


Past-  Vice-Presidenti 


William  H.  Allen,  . 
j.  rossiter  hoyle,  . 
Mark  H.  Robinson, 


Bedford. 
London. 
London. 


Vice-Presidents. 

Sir  John  Dewbance,  K.B.E.,       ....     London, 
Sir   Robert  A.  Hadfield,  Bart.,  D.Sc,  D.Met., 

F.R.S., Sheffield. 
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H.  S.  Hele-Shaw,  LL.D.,  D.Sc.  F.R.S. 
Sir  Gebabd  A.  Mctn'TZ,  Bart., 
William  H.  Patchell, 
Sir  Vincent  L.  Ra\t:n,  K.B.E.,  . 

Members  oj  Counc 

Daniel  Adamsox, 

Richard  W.  Allen,  C.B.E., 

H.  I.  Bbackenbuev,  C.B.E., 

Sir  George  J.  Carter,  K.B.E.,    . 

Alan  E.  L.  Chorlton,  C.B.E.,     . 

Professor  William  E.  Dalby,  F.R.S. , 

Lieut. -Colonel  A.  E.  DA\ansoN,  D.S.O.,  R.E 

Sir  Henry  Fowler,  K.B.E 

Henry  A.  Ivatt, 

Christopher  W.  James, 

L.  A.  Legros,  O.B.E., 

Frederick  H.  LI^'ENS, 

Donald  B.  Morison, 

LouGHNAN  St.  L.  Pendred 

Ernest  W.  Petter, 

Wtlt.tam  Reavell, 

David  E.  Roberts,    . 

George  R.  Sharpley, 

Thomas  E.  Stanton,  C.B.E.,  D.Sc,  F  R.S.. 

Wllliam  Taylor,  O.B.E 

Richard  AVilliamson, 


il. 


London. 
Birmingham 
London. 
Darlington. 


Hyde. 

Bedford. 

Newcastle- on -Tyne. 

Birkenhead. 

London. 

London. 

London. 

Derby. 

Haywards  Heath. 

London. 

London. 

Lincoln. 

Hartlepool. 

London. 

London. 

Ipswich. 

Cardiff. 

Lincoln. 

Teddington. 

Leicester. 

Workington. 


Chairmen  of  Local  Branches. 
Binningham     .  .  .     Edward  C.  R.  Marks. 


Leeds 
Manchester 


Lieut. -Colonel  E.  Kitson  Clark. 
Charles  Day. 


Mr.  M.  HoLROYD  Smith  moved  : — ■ 

"  That  Mr.  Raymond  Crane,  F.C.A.,  46  and  47  London 
Wall,  London,  be  reappointed  to  audit  the  accounts 
of  the  Institution  for  the  present  year  at  the  remuneration 
of  Eighty  Guineas." 
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Mr,   E.   R,  Dolby  seconded  the  motionj   whicli  was  carried 
unaiiimouslv. 


The  following  Paper  was  presented  by  Mr.  William  H.  Patchell, 
Vice-President,  and  discussed  : — 

"  The  Desirability   of    Standardization   in   the   Testing  of 
Welds  " ;  by  F.  M.  Farmer,  of  New  York. 


The  Meeting  was  adjourned  at  a  Quarter  to  Eight  o'clock. 
The  attendance  was  122  Members  and  36  Visitors. 


Mr.  Farmer's  Paper  was  also  presented  by  Mr.  Patchell  at : — 

Manchester,  in  the  Engineers'  Club,  on  Thursday,  24th 
February  ;  Mr.  Daniel  Adamsox,  Member  of  Council, 
in  the  Chair. 
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THE   GENERATION   OF   STEAM. 


LECTURE 
By  sir  JOHN  DEWRANCE,  K.B.E.,  Member  of  Council, 

AT  THE  GRADUATES'  MEETING, 

Monday,  14th  February,  1921,  at  7.0  p.m. 


Captain  H.  Riall  Sankey,  C.B.,  C.B.E.,  R.E,,  eet,,  President, 
in  the  Chair. 

[Abstract.] 

It  has  been  suggested  to  me  that  the  subject  I  have  chosen 
is  out  of  date  and  that  internal-combustion  engines  are  likely  to 
interest  you  more  than  steam.  It  must  be  remembered  that  the 
world's  output  of  coal  is  1,250  million  tons,  and  the  output  of  oil  is 
only  about  one-twelfth  of  that  amount.  The  supply  of  oil  is  obtained 
mostly  out  of  Britain,  and  is  very  little  in  excess  of  present 
requirements.  The  price  of  oil  has  of  recent  years  risen  in  a  much 
greater  proportion  than  coal,  and  the  price  is  still  controlled  in 
various  ways.  It  is  suggested  by  one  inventor  that  the  future 
engine  will  be  a  combination  of  oil  and  steam.  Experiments  are 
being  carried  out  to  use  steam  to  inject  oil  into  oil-engine  cylinders. 

The  generation  of  steam  is  at  present  being  studied  by  many 
inventors,  with  the  object  of  utilizing  much  higher  pressure  than 
has  been  used  in  the  past.  A  boiler  was  shown  on  the  screen  that 
could  be  supplied  for  pressures  up  to  500  lb,,  and  another  boiler  to 
work  up  to  1,000  lb.  pressure, 
[Thf  I.Mech.J:,] 


216 


THE    GEXERATIOX    OF    STEAM. 


Feb.  1921. 


The  most  efl&cient  way  of  generating  steam  is  to  distil  the  coal 
or  oil  and  burn  the  gas  under  water.  One  of  the  disadvantages  of 
this  method  of  generating  steam  is  that  the  water  in  the  boiler 
becomes  very  impure  and  corrosive.  This  demonstrates  the 
paramount  importance  of  keeping  the  water  in  a  boiler  as  pure  as 
possible.  I  do  not  propose  to  describe  the  various  theories  of  the 
transmission  of  heat  from  the  coal  to  the  water ;  probably  they 
are  familiar  to  you. 

Water  will  absorb  all  the  heat  that  can  be  transmitted  by  the 
greatest  forge  heat.  I  erected  an  experimental  boiler  to  prove  this. 
The  tube  was  surrounded  by  a  mixture  of  foundry  coke  and  steam 
coal  with  a  blast  produced  by  a  Roots  blower.     It   melted   the 

Fig.  1. 


firebricks  and  evaporated  150  lb.  of  water  per  square  foot  of  heating 
surface,  but  it  did  not  injure  the  tube.  An  oxy-acetylene  blowpipe, 
carefully  adjusted,  will  impart  to  the  tube  more  heat  than  the 
iron  can  conduct  away  to  the  water  side,  and  the  consequence  is  the 
iron  is  fused  away  from  a  small  cavity.  After  a  time,  this  action 
ceases  and,  on  removing  the  blowpipe  and  carefully  examining  the 
cavity,  it  will  be  found  that  a  microscopic  hole  has  been  fused 
through  and  water  has  cooled  the  point  of  the  flame. 

It  must  be  accepted,  then,  that  a  clean  plate  wiU  transmit  to 
water  all  the  heat  applied  to  it  in  practice,  and  that  if  the  plate 
is  injured,  it  is  because  it  is  separated  from  the  water  by  a  layer  of 
impurity,  or  steam  has  taken  the  j^lace  of  the  water.  After  the  plate 
has  transmitted  to  the  water  sufficient  heat  to  bring  it  up  to  the 
boihng  point,  it   can   absorb  no  more,  and  the  water  that  has 
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previously  been  wetting  the  plate  flashes  into  steam.  If  the  plate 
is  perfect  and  the  conditions  are  suitable,  a  very  large  surface  may 
be  involved,  but  for  my  purpose  we  may  suppose  the  bubble  is  as 
shown  in  Fig.  1.  The  sKght  superheating  of  the  steam  causes 
it  to  rise  and  form  a  circular  free  bubble,  but  in  the  process  it  assumes 
a  balloon  shape,  and,  if  the  heat  is  withdrawn,  it  will  return  to  the 
previous  shapes  and  again  wet  the  plate.  It  will  be  readily 
appreciated  that,  if  the  water  contains  any  impurity,  it  is  left 
behind  on  the  plate  when  the  water  is  evaporated.  If  the  pressure 
on  the  heating  surface  is  increased  by  the  height  of  the  water  level 
in  the  steam  space  being  considerably  above  the  heating  surface, 
or  by  any  other  means,  the  water  can  absorb  more  heat  without 
generating  steam  on  the  heating  surface. 

Fig.  2. 
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Corrosion  Salt. — Corrosion  and  overheating  are  the  two  elements 
that  hmit  the  hfe  of  boilers  in  which  steam  is  generated.  Corrosion 
must  be  divided  into  three  distinct  causes  : — 

(1)  Magnesium  chloride. 

(2)  Air. 

(3)  Lubricant  products. 

The  first  is  rarely  met  with  in  laud  waters,  but  the  sea  contains 
0'364  per  cent  of  magnesium  chloride.  If  this  is  allowed  to  enter 
a  boiler  and  is  not  properly  broken  up,  it  corrodes  the  heating  surf  ace- 
and  superheaters,  but  does  not  corrode  parts  that  are  not  fire- 
lieated.  The  magnesium  chloride  does  not  corrode  whilst  in  solution. 
This  was  proved  by  putting  concentrated  sea-water,  from  a  boiler 
that  has  been  corroding,  into  a  tube  shown  on  Fig.  2.  The  steel 
tube  was  bored  out  and  fitted  with  caps  and  a  cock.  The  air  was 
exhausted  very  carefully  and  the  water  halt-filled  the  tube.     The 
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apparatus  was  put  into  a  boiler  that  carried  300  lb.  pressure  per 
square  inch  for  74  hours,  and  lower  pressures  down  to  130  lb.  per 
square  inch  for  54  hours.  At  the  end  of  this  period  the  quantity 
of  water  was  exactly  the  same  and  perfectly  colourless,  and  the 
tube  showed  no  sign  of  corrosion. 

Sodium  chloride  is  a  stable  salt  and  is  not  corrosive  when  in 
solution  or  when  evaporated  to  dryness,  but  it  produces  hydrochloric 
acid  at  a  red  heat. 

Magnesium  chloride,  on  the  other  hand,  is  not  corrosive  when 
in  solution  but  is  broken  up  into  hydrochloric  acid  and  magnesia 
when  evaporated  to  dryness  at  the  temperature  of  boiling  water. 
When  the  bubble  is  formed  as  shown  on  a  heating  surface,  the 

Fig.  3. 


magnesium  chloride  left  behind  is  brought  to  dryness,  and  the  last 
of  the  water  combines  with  the  chlorine,  forming  hydrochloric 
acid,  and  momentarily  the  acid  etches  the  plate. 

As  the  formation  of  steam  bubbles  generally  takes  place  where 
the  plate  is  indented,  this  etching  process  begins  to  form  a  pit-hole 
and  oxide  of  iron  is  deposited  around  it.  As  the  corrosion  proceeds, 
the  oxide  ejected  leaves  an  opening  just  large  enough  for  the  steam 
to  escape.  So  long  as  the  steam  is  escaping  from  the  cavity  no  water 
can  enter,  and  this  accentuates  the  production  of  acid.  Fig.  3 
shows  the  progress  of  such  a  pit-hole. 

The  apparatus  shown  in  Fig.  4  has  been  constructed  by  the 
Lecturer  to  demonstrate  this  action.  A  disk  of  steel  is  held  in  the 
base  of  a  chamber,  the  outlet  of  which  is  small.  By  heating  the 
disk,  rapid  corrosion  is  shown,  and  y„V(y  of  an  inch  is  corroded  away 
in  two  hours. 
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In  the  last  century  this  form  of  corrosion  destroyed  marine  boilers 
very  rapidly,  and  rendered  water-tube  boilers  quite  unsuited  for 
marine  service.  The  cause  of  corrosion,  other  than  air  corrosion, 
was  not  understood,  and  a  Commission  was  appointed,  but  did  not 
succeed  in  discovering  the  cause  or  remedy.  A  research  was  then 
commenced  in  my  laboratory,  and  I  succeeded  in  explaining  the 
cause  and  also  the  remedy. 

Lime  or  soda  added  to  the  water  in  the  boiler  breaks  up  the 
magnesium  chloride.  By  distilling  the  make-up  water  the  proportion 
of  salt  can  be  reduced,  but  the  priming  of  evaporators  and  the 
corrosion  of  the  condenser  tubes  are  liable  at  any  time  to  introduce 

Fig.  4. 


salt,  so  some  apparatus  is  necessary  in  all  marine  boiler  rooms  to 
enable  the  engineer  to  deal  with  any  salt  that  may  come  into  his 
boiler.  This  discovery  was  published  in  a  short  Paper  read  before 
the  Institution  of  Civil  Engineers  in  February,  1900,  and  was 
discussed  at  three  crowded  Meetings  of  the  Institution.  The 
Author  was  awarded  the  Watt  Gold  Medal,  and  it  is  not  too  much 
to  say  that  the  knowledge  then  pubHshed  has  enabled  engineers  to 
increase  the  life  of  their  marine  boilers  very  greatly. 

When  sea-water  is  concentrated,  say  4  times  in  an  evaporator, 
hydrochloric  acid  is  produced  and  the  steam  spaces  are  corroded, 
while  the  water  itself  is  not  acid.  The  explanation  seems  to  be 
that  bubbles  containing  steam  and  hydrochloric  acid  are  formed, 
as  explained  above,  and  float  up  through  the  water.  There  is  i^lenty 
of  magnesia  to  neutralize  the  hydrochloric  acid  in  the  water,  but 
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the  acid  being  contained  in  the  bubble  cannot  conabiue  with  the 
magnesia,  so  attacks  the  iron  in  the  steam-space  and  the  steam- 
pipes  from  the  evaporator. 

When  steam  is  generated,  it  is  most  important  that  it  should 
leave  the  generator  as  free  as  possible  from  water.  To  effect  this, 
a  dry  pipe  is  necessary,  and  though  expensive,  the  very  best  form 


Fig.  5. 


of  dry  pipe  is  justified.  In  the  drum  shown  in  Fig.  5  there  is  one 
inside  the  other.  The  outer  pipe  has  saw-cuts  at  the  top  and  the 
inner  pipe  has  similar  saw-cuts  at  the  bottom  to  intercept  any 
water.  Such  a  dry  pipe  will  raise  the  efficiency  of  a  superheater 
very  considerably,  and  is  also  a  great  safeguard  of  the  superheater, 
especially  at  sea,  because,  if  any  magnesium  chloride  is  carried  into 
a  superheater,  it  is  converted  into  hydrochloric  acid  which  corrodes 
the  superheater. 
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Air. — The  most  universal,  and  perhaps  the  most  diffic^ilt 
impurity  of  water,  is  air.  Water  dissolves  air  with  surprising  avidity. 
Feed-pumps,  worked  o£E  the  engine,  pump  large  quantities  of  air 
into  a  boiler.  Independent  feed-pumps  that  cease  pumping  when 
there  is  no  water,  reduce  this  cause  of  corrosion.  It  is  not  always 
realized  how  rapidly  air,  dissolved  in  water,  corrodes  iron  or  steel. 
Even  when  the  greatest  care  is  employed  to  avoid  the  introduction 
of  air  into  the  boiler  with  the  water,  there  is  alwavs  some  that  is 


Fig.  G. 


dissolved^with  thejvater  and  goes  in~with  the  feed.  It  would  seem 
probable  that  as  soon  as  the  feed-water  entered  the  boiler,  this 
air  would  escape  with  the  steam,  but  it  does  not.  The  way  that 
gases  escape  from  fluids  is  not  fully  understood.  It  is  a  very  common 
experience  that,  when  a  tumbler  of  water  is  drawn  from  a  tap  and 
left  for  a  few  minutes,  bubbles  of  air  will  form  on  the  glass  but 
not  in  the  water  itself.  One  cannot  understand  how  the  air  in  the 
centre  of  the  tumbler  knows  that  there  is  a  convenient  surface  to 
escape  upon.  In  the  same  way,  in  a  boiler  it  seems  that  any  air 
dissolved  in  the  feed-water  hunts  about  for  surfaces  of  the  boiler 
where  corrosion  has  started,  and  go  and  escape  there,  instead  of 
rising  to  the  surface  and  the  steam  space. 
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It  would  seem  that  the  best  way  of  freeing  the  air  from  the  water 
is  by  sjiraying  the  feed  into  the  steam-space.  This  has  been  tried 
on  many  occasions,  but  it  has  not  been  generally  adopted,  probably 
because  water-hammer  is  very  troublesome  at  the  outlet.  If  there 
is  a  space  of  only  a  few  inches  length  between  the  water-valve  and 
the  steam-space,  it  is  sufficient  to  cause  a  water-hammer.  The 
valve  shown  in  Fig.  6  obviates  this,  and  a  loose  cylinder  may  be 
added  to  prevent  any  spray  being  carried  away  to  the  steam-outlet. 

Fig.  5  (page  220)  shows  another  very  convenient  arrangement 
that  has  been  largely  used  on  marine  boilers  and  has  been  successful  in 
stopping  air-corrosion.  The  internal  pipe  is  fitted  to  the  usual  feed 
inlet,  and  sprays  the  water  in  the  steam-space,  liberating  the  air  which 
is  carried  off  with  the  steam.  Some  suitable  variation  of  these 
arrangements  ought  to  be  fitted  to  all  boilers,  as  at  present  most 
boilers  suffer  from  air  corrosion.  The  Institution  is  to  have  a  Paper 
read  before  it  on  Degassing  and  Purification  of  Boiler-Feed  Water, 
which  will  be  of  great  interest  and  will  throw  further  light  on  this 
important- aspect  of  corrosion. 

Oil. — The  next  impurity  of  water  that  gives  trouble  in  all  the 
best  installations  is  oil.  It  is  a  great  advantage  of  the  turbine  that 
it  does  not  put  so  much  oil  into  the  boiler  as  a  reciprocating  engine. 
A  pure  mineral  oil  is  less  objectionable  than  an  oil  that  is  saponifiable, 
especially  if  there  is  any  soda  in  the  water.  If  in  a  vessel  containing 
a  small  quantity  of  boiling  water  and  soda,  mineral  oil  be  added, 
nothing  happens.  But  if  a  little  tallow  is  added,  the  water  froths 
up  immediately.  Practically  all  priming  is  due  to  the  formation 
of  soap  in  the  water  in  this  way.  A  little  tallow  on  the  pump- 
plungers  may  cause  serious  priming.  When  oil,  that  will  saponify 
in  this  way,  is  heated  in  a  boiler,  it  forms  acid  in  the  same  way  as 
the  magnesium  chloride  and  corrodes  the  plate,  but  corrosion  is  not 
limited  to  the  heating  surface. 

Another  evil  of  oil  is  that  it  prevents  the  water  wetting  the 
heating  surface.  This  experiment  can  be  easily  tried.  If  you  incline 
a  sheet  of  iron  and  heat  it  and  drop  water  on  to  the  hottest  part, 
it  is  possible  to  establish  a  balance  where  the  drops  of  water  are  just 
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sufficient  to  keep  the  surface  wetted.  Pass  a  brusli  full  of  oil  over 
the  plate,  and  it  is  necessary  to  increase  the  number  of  drops  per 
minute  fifteen  times  before  it  will  wet  the  plate. 

When  oil  is  mixed  with  lime  scale,  it  makes  it  very  impervious 
to  water.  Plumbago  is  now  ground  to  such  a  degree  of  fineness  that  it 
remains  suspended  in  water.  In  this  form  it  should  be  a  substitute 
for  oil.  It  is  now  being  tried  as  a  cylinder  lubricant  for  the  pumjis 
and  auxihary  machinery  where  the  steam  goes  to  the  condenser, 
and  it  might  be  suitable  for  lubricating  piston-rods  and  packing 
glands.  It  can  be  suppUed  in  a  sight-feed  lubricator  using  paraffin 
to  drop  through.  A  great  deal  of  importance  should  be  placed  on 
any  improvement  that  can  keep  oil  out  of  the  boilers. 

I  have  dealt  with  corrosion  under  three  heads — salt,  air,  and 
lubricants.  If  my  beUef  is  correct  that  steam  will,  in  the  future, 
be  generated  to  much  higher  pressures,  the  construction  of  the  boilers 
must  be  suitably  developed,  and  they  must  be  preserved  from  all 
forms  of  corrosion. 

The  Lecture  was  illustrated  by  20  lantern  slides,  experimental 
apparatus  and  samples.  This  Abstract  is  illustrated  by  6  Figs,  in 
the  letterpress. 
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THE  DESIRABILITY  OF  STAXDARDIZATION  IX  THE 
TESTING  OF  WELDS. 


By  F.  M.  FAllMER,  of  the  American  Buheau  of  Wkldikg, 
Kew  York. 


Welding  by  gas  and  electrical  means  has  long  since  passed  the 
stage  of  small  applications,  and  is  becoming  one  of  the  more 
important  of  the  mechanic  arts  employed  in  the  manufacturing 
and  fabrication  of  metallic  structures.  Although  the  weldins  art 
had  been  developing  very  rapidly,  expansion  was  particularly  rapid 
during  the  War  because  of  the  great  possibilities  for  saving  time 
and  labour  which  were  made  evident.  Since  the  War  the  field  of 
application  of  welding  has  continued  to  expand,  being  accelerated 
no  doubt  by  the  ever-increasing  economy  over  other  methods  of 
joining  metals,  which  involve  any  considerable  amount  of  labour. 

No  argument  is  needed  for  standardization  as  a  general  policy. 
Its  value  in  most  fields  of  human  activity,  and  particularly  in 
engineering,  is  generally  acknowledged.  Therefore,  -nhen  a  new  art 
becomes  an  important  element  in  industry,  standardization  is  not 
only  desirable,  but  is  almost  essential  if  development  along  sound 
engineering  lines  is  to  continue.  That  this  view  is  recognized,  ia 
indicated  by  the  fact  that  one  of  the  important  functiojis  of  the 
Bureau  of  Welding — an  organization  established  by  the  American 
[The  I.Mech.E.]  (^ 
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Welding  Society  in  co-operation  with  representatives  of  Government 
Departments  and  Technical  Societies — is  to  standardize  various 
phases  of  gas-  and  electric-welding,  such,  for  example,  as  methods  of 
welding,  the  training  of  welders,  tests  of  welds,  nomenclature, 
methods  of  inspecting  and  testing  v/elds  in  completed  structures,  etc 
So  far  as  the  Author  is  aware,  no  welding  standards  of 
any  kind  have  yet  been  proposed  in  the  United  States,  either  by 
the  Bureau  of  Welding  or  other  authority.  However,  there  has  been 
considerable  discussion  of  this  phase  of  the  welding  situation, 
particularly  by  the  Welding  Research  Committee  of  the  Emergency 
Fleet  Corporation,  and  as  wide  discussion  is  essential  to  progress  in 
real  standardization,  this  Paper  is  presented  as  a  contribution  to  the 
subject  of  standardization  in  connexion  with  the  testing  of  welds. 
Standards  for  evaluating  welds  are  suggested,  and  certain  standard 
procedures  are  proposed  for  those  mechanical  tests  which  the  Author 
considers  to  be  the  more  important.  It  is  believed  that  a  free 
discussion  of  the  proposals  from  the  standpoint  of  British  practice 
will  have  a  great  influence  in  promoting  standardization. 

If eed  for  Standardization  in  Testing  TTe^cZs.— Standardization  of 
the  procedure  in  making  a  test  of  any  kind  is  obviously  necessary 
before  results  obtained  by  different  observers  can  be  compared. 
Tests  of  welds  are  no  exception  to  this  general  rule.  Differences 
in  details  of  procedure  have  caused  such  widely  divergent  results 
that  comparisons  are  frequently  impossible,  with  the  result  that 
the  usefulness  of  much  of  the  research  work  on  record  is  greatly 
restricted. 

The  great  need,  however,  in  welding  is  for  some  standardized 
method  of  measuring  or  determining  the  relative  value  of  a  weld. 
The  ideal  weld  is  presumably  one  which  does  not  change  the 
characteristics  of  a  structure  containing  such  a  joint  from  those 
which  the  structure  would  have,  if  no  joint  had  been  necessary. 
In  other  words,  the  joint  should  have  the  same  characteristics  as 
the  adjoining  metal.  If  this  view  be  correct,  what  tests  should  be 
made  to  determine  these  characteristics,  and  how  is  the  degree  of 
approximation  of  a  weld  to  the  ideal  weld  to  be  determined  ? 
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Standards  for  Testing  Welds. 

Fumlaincntal  Basis. — A  weld  is,  in  general,  made  for  the  purpose 
of  joining  together  two  pieces  of  metal  in  a  structure.  Joints  are 
usually  a  necessary  evil.  They  are  avoided  when  it  is  possible  to 
fabricate  structures  without  them.  The  effectiveness  of  a  joint  is 
therefore  determined  by  a  comparison  of  the  characteristics  of  that 
part  of  a  structure  containing  the  joint  with  a  similar  part  which 
has  no  joint.  Sometime  in  the  future,  processes  may  be  developed 
which  will  produce  welds  having  inherent  characteristics,  such  that 
welds  may  be  introduced  into  a  structure  for  the  sake  of  acquiring 
these  characteristics.  In  that  case  the  above  basis  of  evaluation 
would  not  be  applicable,  but  that  time  has'  not  yet  arrived.  Also 
the  argument  has  been  advanced  that  because  a  weld  is  non- 
homogeneous,  it  cannot  properly  be  compared  with  a  homogeneous 
metal.  While  this  is  true  as  far  as  some  characteristics  are 
concerned,  the  fact  remains  that  in  the  present  stage  of  the  art, 
welds  are  simply  joints,  and  the  practical  basis  of  evaluation  of  a 
weld  is  in  terms  of  the  metal  of  the  parts  joined  together. 

Kinds  of  Standards  .—It  is  obvious  that  for  many  purposes  an 
investigation  of  a  weld  need  not  be  extensive.  There  should  be, 
therefore,  several  standards  which  will  serve  the  more  usual  purposes. 
Three  standards  are  suggested — shop  standard,  commercial  standard, 
and  research  standard. 

(a)  Shop  Standard  for  Testing  Welds. — In  the  shop  a  standard 
t>est  is  required  for  such  purposes  as  checking  the  work  of  a  welder 
from  time  to  time,  testing  a  new  lot  of  electrodes  in  electric  welding 
or  of  welding  wire  in  gas-welding,  testing  the  effect  of  some  change 
in  conditions  which  may  have  taken  place,  etc.  Such  a  standard 
must  necessarily  be  as  simple  as  possible  and  preferably  a  single 
test.  The  technique  of  the  procedure  in  making  the  test  must  be 
of  a  simple  character.  For  such  a  standard,  a  bending  test  is 
suggested.  A  bending  test  involves  more  of  the  important 
properties  of  a  material  than  any  other  single  static  test,  yields 
jihe  most  information,  and  can  be  made  with  very  simple  apparatus, 
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{h)  Commercial  Standard  for  Testing  FeWs.— There  are  many 
cases  where  more  than  one  kind  of  test  should  be  made,  but  where 
the  circumstances  do  not  justify  a  complete  investigation.  There 
is,  therefore,  a  need  for  what  might  be  termed  a  commercial  standard 
for  making,  for  example,  comparisons  between  different  commercial 
welding  processes  or  between  different  kinds  of  electrodes  in  electric 
metal  arc- welding  or  different  wires  in  gas-welding.  It  is  suggested 
that  such  a  standard  should  consist  of  three  tests — a  bending  test, 
a  tensile  test,  and  a  fatigue  test.  These  three  tests  probably  give 
more  information  than  any  other  three  tests  that  could  be  selected. 

(c)  Research  Standard  for  Testing  Welds. — When  a  complete 
investigation  of  a  weld  is  to  be  made  for  research  or  other  purposes, 
all  tests  and  examinations  are  made  which  will  contribute  any 
information  in  regard  to  the  characteristics  of  the  weld.  It  may 
be  necessary  to  make  tests  of  a  special  character  in  special  kinds  of 
welds  or  where  application  under  unusual  conditions  is  contemplated, 
but  there  should  be  a  standard  list  of  tests  which  will  give  information 
which  is  complete,  as  far  as  all  ordinary  requirements  are  concerned, 
The  following  is  suggested  for  such  a  standard  list : — 

A.  Tests  of  Base  or  Parent  Metal : — 

(1)  Chemical  analysis.     To  include  carbon,  manganese,  silica, 

phosphorus,  and  sulphur. 

(2)  Mechanical  Tests  : 

(a)  Tensile.    To  include  yield-point,  ultimate  strength, 

total  elongation,  and  reduction  of  area. 
(6)  Bending, 
(c)  Fatigue. 

(3)  Metallographic.    Photomicrographs  at  100  diameters. 

B.  Test  of  Weld:— 

(1)  Mechanical  tests  : 

(a)  Tensile.     To  include  yield-point,  ultimate  strength 

total  elongation,  aod  reduction  of  area. 

(b)  Bendiug. 

(c)  Fatigue. 

(d)  Impact. 
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(2)  Metallographic.  Photomicrographs  at  100  diameters  at 
(n)  the  jimction  between  the  base  metal  and  the  filled-in 
metal,  (6)  the  base  metal  adjacent  to  the  junction,  (c)  the 
centre  of  the  filled-in  metal. 

C.  Tests  of  Filled-in  Metal : — 

(1)  Chemical  analysis.    To  include  carbon,  manganese,  silica, 

phosphorus,  and  sulphur. 

(2)  Mechanical   tests.      Standard   round   specimens   to   be 

prepared  from  ingots  deposited  in  a  base-metal  mould 
of  such  dimensions  that  normal  cooling  conditions  will 
be  approximated  : 

(a)  Tensile.     To  include  yield-point,  ultimate  strength, 

total  elongation,  and  reduction  of  area. 
(&)  Bending, 
(c)  Fatigue. 

(3)  iletallographic.     Photomicrographs  at  100  diameters. 

Numerical  'Evaluation  of  Welds.— The  evaluation  of  articles 
manufactured  in  quantity  is  usually  determined  by  comparison  with 
a  standard  of  some  kind.  Where  a  number  of  variable  properties 
or  characteristics  are  involved,  the  most  reliable  evaluation  is 
obtained  by  employing  a  numerical  method.  For  example,  each 
property  is  compared  with  the  corresponding  property  of  the 
standard  and  a  percentage  value  assigned.  Where  such  comparison 
cannot  be  made  by  actual  measurement,  a  value  is  assigned  which 
is  based  on  judgment.  If  all  of  the  properties  are  of  equal 
importance,  the  final  evaluation  figure  is  simply  the  average  of  the 
various  percentages.  In  general,  however,  certain  properties  are 
more  important  than  others,  and  should  therefore  be  weighted  before 
averaging. 

In  the  case  of  welds,  most  of  the  characteristics  are  determined 
by  test  and  expressed  in  a  numerical  result.  The  standard  is 
usually  the  base  metal,  so  that  an  evaluation  of  each  characteristic 
of  the  weld  in  per  cent  of  that  of  the  standard  is  easily  made. 
The  principal  difficulty  is  in  selecting  the  weights  to  be  used  when 
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averaging  for  the  purpose  of  assigning  a  value  for  tlie  weld  as  a 
whole. 

In  the  "  shop  standard  "  proposed,  only  one  test  is  made  so  that 
evaluation  is  obtained  directly.  In  the  "  commercial  standard  " 
three  tests  are  made,  the  relative  value  of  the  results  of  which  will 
depend  upon  the  purpose  of  the  investigation.  If,  for  example, 
it  is  for  the  purpose  of  testing  the  applicability  of  welding  to 
structures  where  the  stresses  are  low  but  vibration  is  always  present, 
the  result  of  fatigue  tests  is  of  great  importance.  On  the  other 
hand,  if  the  structure  is  a  large  tank  for  liquids,  the  fatigue  test 
result  is  not  as  important  as  that  of  the  tensile  test  and  the  bending 
test. 

It  is  suggested  that  for  general  jjurposes  the  "  commercial 
standard  "  be  evaluated  by  weighting  the  tensile  and  fatigue  tests 
by  1  and  the  bending  test  by  2. 

Standard  Procedure  in  Mechanical  Tests  of  Welds. 

Of  the  three  kinds  of  tests  which  are  made  for  the  purpose  of 
investigating  a  weld,  mechanical  tests  are  the  most  important  and 
are  in  the  greatest  need  of  standardization,  because  they  yield 
information  about  those  characteristics  which  are  of  greatest 
significance  in  the  majority  of  apj)lications  of  welding.  Furthermore, 
they  are  the  most  easily  made,  are  better  understood  by  a  larger 
proportion  of  those  interested  in  welding,  and  the  results  are  more 
readily  interpreted. 

There  are  five  general  classes  of  mechanical  tests  which  may 
be  made  on  ordinary  structural  materials  —  tensile,  bending 
(transverse),  torsion,  impact,  and  fatigue.  All  five  tests  may  be 
made  on  specimens  cut  from  a  sample  weld,  but  tensile,  bending, 
and  fatigue  tests  will  give  ample  data  for  all  ordinary  purposes. 
The  impact  test  undoubtedly  has  much  value  in  connexion  with 
certain  applications  of  welding,  but  it  is  questionable  if  a  static 
torsion  test  develops  any  information  that  is  not  obtained  from  a 
tensile  and  a  bending  test.  A  standardized  procedure  is  therefore 
particularly  needed  for  tensile,  liending,  and    fatigue  tests.     The 
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procedures  oulliued  in  the  lolluvviiig  ])aragraplis  have  be(;n  used 
in  a  large  amount  of  testing  work  and  have  been  discussed  to 
some  extent  for  standards.  It  is  believed  by  the  Author  that 
standardization*  along  the  general  lines  indicated  will  be  in  the 
right  direction. 

Tensile  Tests. — Standardization  along  new  lines  should  utilize 
existing  standards  as  far  as  possible.  The  standard  test  specimen 
in  America  for  rolled  or  sheet  material  is  that  of  the  American 
Society  for  Testing  Materials,  and  is  shown  in  Fig.  1.     It  has  been 

Fio.  1.— Standard  Test  Specimen  in  America  for   Rolled  or  Sheet  Material. 
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suggested  that  tensile  specimens  from  test  welds*  be  of  the  same 
shape  and  dimensions. 

In  some  kinds  of  welding  the  test  weld  will  not  be  flat,  and  in 
such  cases  the  wide  sides  of  tensile  specimens  should  be  at  least 
rough-machined  in  order  to  insure  parallel  sides.  In  any  case, 
excess  metal  at  the  weld  should  be  removed,  so  tiiat  the  cross-section 
area  throughout  the  reduced  section  is  constant 

Gauge  marks  should  be  laid  off  along  the  centre  lines  of  both 
edges  1  inch  apart  as  shown  in  Fig.  1,  the  weld  to  be  at  the  centre 

*  A  term  suggested  for  a  sample  or  trial  weld  which  is  to  be  cut  iut 
specimens  for  testing  purposes. 


232  STANDARDIZATION    OF    TFSTING    WELDS.  Vv.V..  VJll, 

of  the  middle  incli.  The  corresponding  points  on  the  edges  should 
be  in  the  same  straight  line  perpendicular  to  the  lengthwise  axis 
of  the  specimen. 

It  is  particularly  necessary  in  testing  weld  specimens  that  the 
stress  be  applied  in  a  straight  line  along  the  axis  of  the  specimen, 
because  any  bending  action  due  to  non-alignment  of  the  grips  may 
affect  the  results,  particularly  if  the  weld  is  brittle.  The  rate  of 
movement  of  the  cross-head  of  the  testing  machine  should  not 
exceed  that  at  which  the  beam  can  be  kept  accurately  balanced 
at  all  times.  The  observations  should  include  the  load  at  the  yield- 
point  and  at  failure,  the  former  to  be  taken  by  the  "  drop  of  the 
beam  "  method  or  with  dividers. 

The  results  should  include  the  yield-point  and  ultimate  strength 
expressed  in  lb.  per  square  inch  of  the  original  area ;  total  elongation 
after  rupture  in  1  inch,  2  inches,  and  8  inches  expressed  in  per  cent, 
each  of  the  measured  results  as  well  as  the  average  of  corresponding 
results  to  be  recorded  ;  contraction  of  area  in  per  cent.  The  usual 
notes  on  the  character  of  the  fracture  should  be  recorded,  including 
comments  on  the  extent  of  gas-pockets,  slag  inclusions,  or  incomplete 
fusion  which  may  be  shown. 

Bendi)ig  Tests. — Of  all  the  tests  that  are  made  on  welds,  none 
requires  standardization  more  than  the  bending  test,  because  it  is 
of  an  arbitrary  character,  and  there  is  therefore  a  wide  divergence 
in  the  details  of  procedure.  The  result  of  a  bending  test  is  usually 
expressed  as  the  angle  through  which  the  specimen  can  be  bent 
when  the  first  fracture  appears,  but  this  angle  is  obviously  greatly 
affected  by  : 

(a)  the  radius  of  curvature  of  the  supports  ; 

(6)  the  shape  and  dimensions  of  the  loading  surface  ; 

(c)  the  distance  between  the  supports  ; 

{(1)  the  method  used  in  measuring  the  angle. 

Anyone  who  has  made  bending  tests  of  welds  will  agree  that  all 
ot  these  conditions  influence  the  results,  and  where  they  differ  it  is 
impossible  to  make  comparisons  which  have  any  value.    Reference 
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to  results  of  tests  of  l)asc  or  parent  metal  obtained  with  the 
same  apparatus  does  not  eliminate  the  difficulty,  because  many 
parent  metals— mild  steel,  for  example— will  bend  to  the  limit  of 
180  degrees  over  a  wide  range  of  the  conditions  enumerated  above. 
It  is,  therefore,  absolutely  necessary  to  have  a  carefully  standardized 
bending  test  procedure  before  bending  tests  of  welds  can  be 
compared. 

The  bending  test  fixture  shown  diagrammatically  in  Fig.  2  has 
proved  very  satisfactory,  and  is  one  in  which  the  features  mentioned 


Fig.  2.— Bending  Test  Fixture. 


above  can  be  readily  standardized.  It  will  be  seen  that  the  specimen 
is  tested  as  a  simple  beam  with  a  minimum  distance  between  the 
supports  and  with  the  weld  at  the  centre,  the  load  being  applied 
at  the  centre  of  the  weld.  Such  an  arrangement  assures  a  severe 
test  of  the  weld,  because  the  joint  is  a  maximum  part  of  that  portion 
of  the  specimen  which  is  between  the  supports.  The  fixture  is 
conveniently  constructed  if  two  pieces  of  steel-rail  are  used  for 
the  supports,  with  suitable  provision  for  adjusting  the  spacing  to 
accommodate  various  thicknesses  of  specimens.  Fig.  3,  Plate  13, 
is  a  photograph  of  such  a  fixture  as  used  at  the  Bureau  of  Standards 
at  Washington. 
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The  following  are  the  essential  dimensions  : — 

D  =  diameter  of  cylindrical  loading  surface    =    thickness 

of  test  specimen,  t. 
R  =  radius  of  corners  of  supports  =  1  inch. 
W  =  distance  between  supports  =  D  +  2f  +  J  inch. 

The  top  surfaces  and  corners  of  the  supports  are  polished  and 
lubricated  with  a  heavy  lubricant.  In  the  case  of  a  weld  made 
with  metal  deposited  in  a  "  V,"  the  specimen  is  always  tested  with 
tlie  load  applied  to  the  side  of  the  specimen  which  shows  the  least 
filled-in  metal.  The  fixture  can  be  conveniently  used  with  a 
standard  testing  machine  of  the  vertical  type,  but  a  simple,  self- 
contained  structure  for  applying  the  load  can  be  readily  constructed. 

The  quantity  measured  in  the  test  is  the  total  angle  through  which 
the  specimen  is  bent  at  the  instant  the  first  crack  appears  in  the 
specimen.  As  the  test  is  usually  made  with  the  load  applied  in  a 
vertical  direction  and  on  top  of  the  specimen,  it  will  be  found 
convenient  to  view  the  under  surface  of  the  specimen  by  means  of 
a  mirror  and  an  electric  lamp  suitably  located  as  indicated  in 
Fig.  2. 

The  angle  of  bend  can  be  quickly  measured  by  the  simple  method 
shown  in  Fig.  3,  Plate  13.  The  outline  of  the  upper  edge  of  the 
specimen  is  marked  on  a  sheet  of  paper  held  against  the  edge  of 
the  specimen  (before  the  load  is  removed),  and  the  angle  measured 
with  an  ordinary  protractor.  As  the  specimen  may  not  have  been 
perfectly  straight  initially,  a  similar  procedure  should  be  followed 
before  the  load  is  applied.  The  difference  between  the  two  angles 
is  the  angle  of  bend  which  the  specimen  withstood,  and  is  compared 
with  the  similar  angle  for  a  similar  test  of  a  specimen  of  the  base 
metal.  The  width  and  length  of  the  specimen  may  be  any 
convenient  values  as  far  as  the  test  itself  is  concerned.  A  width 
of  1-5  inch  and  a  length  of  6  inches  have  been  found  convenient 
for  ordinary  thicknesses  of  material.  It  is  obvious  that  if  the  test 
is  made  with  an  ordinary  testing-machine,  the  fibre  stress  can  be 
calculated  by  the  standard  flexure  formula  for  a  simple  beam 
supported  at  the  ends  and  load(Ml  at  the  centre. 
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Fatigue  Tests. — The  fatigue  test  is  of  great  importance  in  an 
investigation  of  welds,  particularly  those  which  are  to  be  used  in 
structures  in  which  rapidly  varying  stresses  exist,  such  as  ship 
hulls,  building  structures,  and  machinery.  It  has  long  been 
recognized  that  the  usual  static  tests  do  not  necessarily  furnish 
information  from  which  the  performance  of  a  material  under  a 
long-continued  variable  stress  can  be  predicted.  It  is  desirable 
to  know  the  effect  of  any  type  of  joint  in  a  structural  member 
on  the  fatigue  strength  of  that  member.  With  a  welded  joint, 
the  question  becomes  particularly  important  because  of  the 
introduction  of  more  or  less  metal  of  a  different  character. 

A  fatigue  test,  like  a  bending  test,  is  largely  arbitrary.  That 
is  to  say,  the  result  obtained  is  an  abstract  one  which  has  significance 
only  when  compared  with  other  results  obtained  in  exactly  the 
same  manner.  In  the  case  of  tests  of  welds,  the  final  answer  is 
the  ratio  of  the  result  of  the  test  of  a  specimen  containing  the  weld 
to  that  of  a  similar  specimen  of  the  base  metal.  Consequently, 
the  exact  method  of  procedure  employed  may  not  be  as  important 
as  in  the  bending  test,  for  example,  provided  the  same  test  is  made 
on  both  weld  specimens  and  base-metal  specimens.  However, 
experience  may  show  that  this  ratio  is  not  reliable,  for  example, 
over  a  wide  range  of  thicknesses  of  material,  so  that  standardization 
of  a  fatigue  test  may  be  found  to  be  necessary  quite  apart  from  the 
fact  that  it  would  be  desirable  on  general  grounds. 

Many  methods  have  been  proposed  for  testing  materials  under 
varying  stresses,  and  a  number  of  machines  have  been  developed 
commercially  for  making  such  tests  of  the  usual  structural  materials, 
but  the  majority  of  these  machines  develop  the  maximum  stress 
at  a  single  cross-sectional  plane  of  the  specimen.  A  welded  joint 
is  not  a  homogeneous  structure,  for  it  not  only  consists  of  different 
materials,  but  in  the  case  of  a  "V  "  weld,  the  area  of  cross- 
section  of  the  fiUed-in  metal  varies  throughout  the  joint  because 
of  the  "  V  "  shape  of  the  filled-in  metal  and  the  irregiilarity 
of  the  line  of  union  between  the  filled-in  metal  and  the  original 
metal.  It  is  highly  desirable,  therefore,  that  the  type  of  fatigue 
test   employed   for   welds   be   one   in   which    a   uniform   stress   is 
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developed  throughoiit  that  part  of  the  test  specimen  in  which  the 
weld  is  located. 

A  fatigue  testing-machine  in  which  this  condition  exists 
was  developed  for  the  Research  Sub-Committee  of  the  Welding 
Committee  of  the  Emergency  Fleet  Corporation.     It  was  described 


by  the  Author  in  a  Paper  recently  presented  before  the  American 
Society  for  Testing  Materials.* 

The  principle  employed  is  that  of  a  four-point  rotating  beam 
with  two  free  supports  at  the  ends  and  two  loads  at  the  middle. 
Fig.  4  shows  the  familiar  shear  and  moment  diagrams  for  a  beam 


*  "  A  Fatigue  Testing  Machine."     F.  M.  Farmer,  Am.  Soc.  for  Testing 
Materials,  Annual  Meeting,  June  1919. 
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SO  loaded,  in  which  Wj  =  W.  =  W3  =  W^  =  W  and  X^  =  X^  =  X. 

The  moment  between  a  and  h  is  uniform,  and  has  the  maximum 
value  of  "\VX.  If  the  beam  has  a  uniform  circular  section,  the 
maximum  fibre  stress  in  all  sections  between  a  and  h  is 

^  ~    I    ~  0-0982  d^' 

in  which  S  =  stress  in  outer  fibre  in  pounds  per  square  inch, 
M  =  bending  moment  in  inch-pounds,  c  =  distance  from  neutral 
axis  to  outer  fibre  in  inches  (  =  d  2),  I  =  moment  of  inertia,  W=  load 
in  pounds,  X  =  distance  between  loads  and  supports  in  inches,  and 
d  =  diameter  of  beam  in  inches.  The  beam  is  in  tension  on  the 
lower  side  and  in  compression  on  the  upper  side.  Thus  if  a  circular 
rod  is  turned  from  a  specimen  cut  from  a  weld,  loaded  in  the  manner 
indicated  above  with  the  joint  in  the  middle  and  then  rotated,  the 
joint  will  be  subjected  to  a  maximum  stress  equal  to  S  alternately 
in  tension  and  compression  once  per  revolution. 

Fig.  5,  Plate  13,  is  a  photograph  of  a  machine  for  specimens  from 
welds  in|-inch  material,  and  Fig.  6  (page  238)  is  a  reproduction  of  a 
scale  drawing.  The  specimen  is  carried  by  four  self-aligning  ball- 
bearings, a,  h,  c  and  d.  The  two  end  bearings  rest  in  the  pillow 
blocks,  e  and  /,  the  whole  being  supported  on  a  cast-iron  base 
5  inches  by  19^-  inches.  One  of  the  pillow  blocks  provides  for 
longitudinal  movement  of  the  bearing,  due  to  the  slight  bending  of 
the  specimen.  The  two  equal  loads  are  hung  from  hooks  attached 
to  collars  which  encircle  the  outer  races  of  the  two  middle  bearings. 

The  bearings  are  securely  fastened  at  the  proper  position  by 
means  of  two  split  collets  of  carburized  steel  with  opposite  tapers, 
one  entering  from  each  side  of  the  bearing.  This  produces  a  wedge 
action  which  gives  a  uniform  pressure  over  the  entire  bearing  surface 
on  the  shaft,  and  insures  the  validity  of  the  assumption  that  the 
point  of  application  of  the  loading  forces  is  at  the  centre  of  the 
bearings.  The  inner  collet  is  counterbored  as  shown,  so  that  the 
bearing  surface  on  the  specimen  is  as  short  as  possible.  The  coUet.s 
are  wedged  together  by  a  nub  ou  a  thread  on  the  inner  collet,  and 
are  loosened  with  the  aid  ol  a  wedge-key  driven  under  the  head  of 
the  inner  collet. 
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The  specimen  is  rotated  through  the  loose  coupling  at  one  end 
of  the  specimen,  and  the  revolutions  are  counted  by  a  suitable 
counter  geared  to  a  worm  on  the  other  end  of  the  specimen.  These 
various  fittings  are  most  conveniently  put  in  position  on  the  specimen 
at  a  vice  on  a  bench.  The  specimen  with  the  fittings  in  position  is 
then  dropped  in  position  in  the  machine,  the  weights  hung  on  to 
the  hooks  (with  spiral  springs  intervening),  and  it  is  ready  to 
be  rotated.  The  blocks  g  and  h  are  merely  for  the  purpose  of 
preventing  the  weights  from  dropping  too  far  when  the  specimen 
fails. 

When  failure  occurs,  the  specimen  will  stop  rotating  because  it 
"  binds,"  and  the  belt  will  either  slip  or  be  thrown  off.  However, 
the  preferable  way  for  securing  automatic  stopping  is  to  provide  a 
simple  switch  arrangement  which  will  be  operated  by  one  of  the 
weights  when  it  drops.     This  will  cut  off  the  motor. 

This  particular  machine  was  designed  for  specimens  from  welds 
in  ^-inch  plates,  but  obviously  a  machine  could  be  constructed 
for  specimens  of  any  ordinary  diameter.  A  machine  could  be 
constructed  with  a  longer  base  for  specimens  from  -J-inch  to  1-inch 
plate  by  providing  bushings  of  suitable  sizes  and  arranging  for 
changing  the  distance  between  the  supporting  pillow  blocks,  so 
that  the  weight  can  be  kept  within  reasonable  limits. 

The  standard  specimen  for  the  machine  described  is  1.3  inches 
long  and  0*4  inch  in  diameter  throughout  its  entire  length.  This 
diameter  is  about  the  maximum  that  can  be  turned  out  of  a 
specimen  cut  across  a  weld  in  ^-inch  material  which  is  rarely 
perfectly  straight.  Care  is  taken  that  the  diameter  in  the  middle 
portion  where  the  weld  is  located  is  exact,  and  that  this  part  of  the 
specimen  is  carefully  finished  free  from  tool-marks  or  scratches. 

The  criterion  of  the  performance  of  a  joint  of  any  kind  is  the 
performance  of  a  similar  specimen  of  the  original  metal  without  a 
joint.  Consequently  fatigue  tests  of  welds  in  |-inch  plate  are 
compared  with  tests  made  with  the  same  apparatus  and  at  the  same 
stress  on  specimens  from  the  original  plate.  When  such  tests  were 
made  with  specimens  of  constant  diameter  throughout  their  length, 
failure  always  occurred  at  one  of  the  load  bearings  and  not  between 
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them,  as  is  the  case  with  weld  specimens  where  the  joint  is  usually 
the  weakest  part  of  the  specimen.  It  is  believed  that  this  is  due  to 
the  sudden  change  in  the  stress  distribution,  Fig.  4  (page  236),  at  these 
points,  and  probably  also  to  the  radial  compressive  stress  induced 
at  these  points  by  the  loads.  By  reducing  the  diameter  between 
these  points  and  using  long  fillets,  failure  will  occur  in  the  central 
portion  of  the  specimen  and  the  true  endurance  value  of  the  metal 
will  be  obtained. 

The  objection  might  be  made  that  the  specimen  is  too  small  to 
give  reliable  information  about  what  a  weld  of  any  considerable 
length  would  do,  unless  a  number  of  specimens  were  cut  along  the 
weld.  In  other  words,  the  machine  should  be  such  that  it  would 
take  a  comparatively  wide  specimen.  The  answer  is  that  the  very 
fact  that  the  small  specimens  require  a  number  of  tests  to  be  made 
is  an  advantage,  because  definite  knowledge  of  the  uniformity  of  the 
strength  (or  lack  of  it)  along  a  long  weld  is  very  important,  and 
obviously  this  would  not  be  obtained  with  a  single  wide  specimen. 
Furthermore,  with  the  much  greater  speed  permissible  with  a  small 
machine  and  the  larger  number  of  machines  which  could  be 
available,  the  equivalent  in  small  specimens  can  be  tested  just  as 
quickly  as  the  one  large  specimen.  Of  course,  a  large  machine 
employing  the  principle  of  uniform  stress  over  the  entire  weld  and 
which  will  take  a  long  specimen  is  a  great  value  in  research  work 
and  has  its  place,  but  it  is  questionable  if  such  a  machine  would  be 
suitable  or  practicable  as  a  standard  for  general  use.  A  machine 
of  this  kind  was  designed  by  Professor  H.  F.  Moore  at  the  Bureau 
of  Standards  at  Washington,  D.C.  It  takes  a  flat  specimen,  8  inches 
wide,  32  inches  long,  and  of  any  thickness  up  to  about  1  inch.  The 
principle  of  the  machine  is  exactly  the  same  as  that  described  above. 
The  specimen  is,  of  course,  stationary,  and  the  load  is  applied  at  the 
two  loading  points  alternately  up  and  down  by  means  of  an  electric 
motor. 

Number  of  Specimens  that  should  he  Tested. — A  property  which 
is  most  important  in  a  weld  is  uniformity.  It  is  therefore  desirable 
to  subject  a  number  of  specimens  to  each  of  the  various  mechanical 
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tests.  A  separate  sample  or  test  weld  can  be  prepared  for  each 
specimen,  but  in  electric  arc- welding  -in  particular  this  means  greatly 
increased  expense  in  metal,  in  making  the  welds  and  in  machine 
work  involved  in  preparing  the  test  specimens,  because  of  the 
necessity  for  cutting  away  enough  of  the  edges  to  eliminate  the 
beginning  and  ending  of  the  weld.  In  electric  arc-welding  at  least 
it  is  more  economical  to  make  one  large  test  weld,  and  cut  it  up  into 
the  pieces  from  which  the  test  specimens  are  machined.  In  gas- 
welding  a  skilled  workman  may  be  capable  of  making  a  finished 
weld  right  up  to  the  ends  of  the  weld,  in  which  case  making  each 
test  specimen  separately  might  be  more  economical.  But  the 
method  of  making  one  large  weld  has  the  further  advantage  that  it 
duplicates  more  nearly  the  usual  practical  conditions,  that  is,  long 
joints  with  the  attendant  temperature  effects  as  determined  by 
adjacent,  relatively  large  masses  of  metal. 

Not  less  than  three  specimens  should  be  subjected  to  each  of 
the  mechanical  tests.  They  should  be  cut  from  the  test  weld  in 
such  a  manner  that  one  specimen  for  each  test  is  cut  from  the  middle 
and  one  near  each  end,  enough  of  the  edges  being  first  removed 
to  eliminate  defective  welding  which  may  exist  at  the  beginning, 
and  end  of  a  weld. 

Elongation  Data  in  Tensile  Tests. — Elongation  measurements  ofi 
weld  specimens  are  of  limited  value.  The  specimen  is  not 
homogeneous  throughout  its  length,  and  unless  the  ductility  of 
the  fiUed-in  metal  of  the  joint  is  the  same  as  that  of  the  base  metal, 
the  result  obtained  is  a  composite  of  the  ductility  of  the  filled-in 
metal  and  the  base  metal.  Such  measurements  have  some  value, 
however,  when  comparing  welds  of  the  same  class  with  the  same 
base  metal.  In  a  thorough  investigation  of  a  weld  of  the  deposited- 
metal  type,  data  on  the  ductility  of  the  filled-in  metal  itself  should 
be  obtained  by  making  tests  of  specimens  consisting  of  filled-in 
metal  only. 

Width  and  Gauge  Length  in  Tensile  Tests. — The  use  of  a  specimen 
of  constant  width  and  gauge  length,  irrespective  of  thickness,  might 
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be  questioned  on  the  ground  that  it  disregards  Barba's  law  of 
proportionality,  which  states  .that  the  ratio  of  the  gauge  length 
to  the  square  root  of  the  area  should  be  a  constant.  Investigations 
made  by  Professor  H.  F.  Moore,  under  the  auspices  of  the  Committee 
on  "  Methods  of  Testing  "  of  the  American  Society  for  Testing 
Materials,*  showed  that  varying  values  of  this  ratio  (within 
reasonable  limits)  do  not  afiect  the  yield-point,  elastic  limit, 
reduction  of  area,  or  the  tensile  strength  (of  specimens  of 
homogeneous  material),  but  that  there  is  a  marked  effect  on  the 
elongation. 

So  far  as  elongation  data  in  tensile  tests  of  welds  are  concerned, 
it  has  already  been  pointed  out  that  such  data  are  of  limited  value. 
This  being  the  case,  it  does  not  appear  that  in  ordinary  tests  of 
welds  the  additional  complication  involved  in  following  standard 
dimensions  based  on  Barba's  law  would  be  justified.  But  where 
investigations  are  being  made  to  determine  the  effect  of  thickness 
on  the  weld,  it  may  very  well'  be  advisable  to  follow  this  law.  In 
that  case  it  would  appear  desirable  to  make  the  gauge  length  as 
short  as  possible,  and  such  that  the  ratio  of  the  fiUed-in  metal  to 
the  base  metal  within  the  gauge  marks  is  a  constant.     Then  the 

width  should  be  varied   to   keep   the  ratio     ,     a  constant  for  the 

»J  a 

various  thicknesses.  For  example,  if  test  welds  were  made  in 
various  thicknesses  of  plate  metal  with  a  90-degree  angle  in  each 
case,  and  a  specimen  1  •  5  inch  wide  with  a  2-inch  gauge  length  was 
prepared  from  the  0*  5-inch  material,  the  dimension  of  the  other 

specimens  would  be  as  in  the  Table  (page  243),     ,     being  constant 

at  2 "SI.  Obviously,  the  tests  of  base  metal  which  would  be 
made  for  reference  should  be  made  on  specimens  of  corresponding 
shape. 

Standard  Stress  Value  in  Fatigue  Tests. — In  the  fatigue  tests  made 
for  the  Eesearch  Committee  of  the  Emergency  Fleet  Corporation,  a 


*  Proceedings,  Am.  Soc.  for  Testing  Materials,  vol.  xviii,  Part  I,  page  399 
(1918). 
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standard  maximum  fibre  stress  of  25,000  lb.  per  sq.  in.  was  employed 
in  testing  of  weld  specimens  and  the  corresponding  specimens  of 
base  metal.  The  selection  of  this  value  was  based  on  the  following 
considerations.  The  characteristic  which  it  is  desired  to  test  is  the 
elastic  property  under  reversed  stress  conditions  and  not  ductility, 
since  in  practice  a  material  is  never  intentionally  stressed  above  the 
elastic  limit.  This  means,  therefore,  that  the  stress  should  be  below 
the  elastic  limit,  because  the  relative  performance  of  materials  in  a 
fatigue  test  will  probably  be  very  different  above  the  elastic  limit 
where  the  property  involved  is  ductility,  than  it  will  be  below  the 
elastic  limit  where    elasticity  is  the  property  involved.     On    the 


Thickness. 

Width. 
Inches. 

Gauge  Length. 

Inch. 

Inches. 

j                   0-125 

0-375 

0-50 

0-25 

0-75 

1-00 

0-50 

1-50 

2-00 

0-75 

2-25 

3-00 

1-00 

.       3-00 

4-00 

other  hand,  the  higher  the  stress,  the  more  quickly  results  will 
be  obtained.  As  there  is  no  reason  to  suppose  that  the  relative 
behaviour  of  difierent  materials  will  not  be  the  same  at  low 
stresses  as  at  high  stresses  (provided  they  are  below  the  elastic 
limit),  a  stress  of  25,000  lb.  was  adopted.  This  is  as  close  to  the 
elastic  limit  of  ship-plate  steel  as  it  was  thought  advisable  to  go. 

In  an  extensive  research  investigation,  it  might  be  advisable  to 
determine  the  stress  at  which  failure  occurs  after  a  stated  number 
of  reversals  (or  repetitions)  of  stress  by  the  application  of  Basquin's 

exponential  law,*  S  =  :;^,  where  S  =  fibre  stress,  N  =  number  of 


*  0.    H.    Basquin.      "The     Exponential    Law    of    Endurance     Tests." 
Proceedings,  Am.  Soc.  for  Testing  Materials,  vol.  x,  page  625  (1910). 
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repetitions  of  stress  at  failure,  and  K  and  x  are  experimentally 
determined  constants.  Tests  would  be  made  at  a  number  of 
different  stresses  below  the  elastic  limit  and  the  results  plotted 
on  logarithmic  paper.  According  to  this  law  the  curve  should  be 
a  straight  line,  so  that  the  stress  which  will  cause  failure  at  any 
particular  number  of  repetitions  of  stress  is  readily  determined. 

This  method  gives  a  more  fundamental  basis  of  comparison.  It 
permits  direct  comparison  of  the  fatigue  strength  of  different  kinds  of 
welds  and  welds  in  different  materials  without  reference  to  the 
fatigue  strength  of  the  base  metal.  It  is  obvious,  however,  that  the 
various  specimens  must  be  very  uniform  if  reliable  information  is 
to  be  obtained  with  a  reasonable  number  of  tests. 

Inspection  and  Tests  of  Welds  in  Structures. — The  phase  of  the 
welding  art  which  is  in  greatest  need  of  standardization  is  that  of 
inspection  and  testing  of  completed  welds  in  commercial  applications. 
But  progress  towards  this  desirable  end  can  hardly  be  expected 
before  a  satisfactory  and  commercially  practicable  method  of 
determining  the  quality  of  a  weld  in  a  structure  is  devised. 
Investigations  of  various  suggested  methods  of  testing  completed 
welds  were  made  by  the  "Welding  Committee  of  the  Emergency  Fleet 
Corporation.  These  included  X-ray  examination,  determination 
of  the  electrical  resistance  by  a  method  somewhat  similar  to  that 
employed  in  testing  rail- joints  in  electric  railways,  hammering  and 
chipping  of  the  weld  and  magnetic  examination.  None  of  these 
offered  definite  promise  of  success  at  the  termination  of  the 
Committee's  activities.  In  certain  limited  fields  of  application, 
satisfactory  tests  may  be  devised,  such,  for  example,  as  closed 
vessels  which  can  be  subjected  to  hydraulic  pressure  and 
simultaneous  hammering  after  completion.  Possibly  also  some 
method  will  be  devised  for  removing  a  test-specimen  which  can 
be  readily  tested,  the  hole  being  small  enough  to  be  filled  up  easily. 

But  at  the  present  time  the  only  checks  on  the  quality  of  the 
welder's  work  in  general  applications  which  are  available  appear 
to  be  (a)  confidence  in  the  welder's  proficiency  and  his  integrity, 
and  (6)  systematic  inspection  during  the  progress  of  the  work.     Even 
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here  standardization  may  be  applied  advantageously.  That  is,  we 
should  have  (a)  a  standardized  test  of  proficiency  of  welders  or 
perhaps  several  standards  for  different  grades  of  welders  and 
(6)  a  standardized  procedure  for  the  inspection  of  various  kinds  of 
welds  while  being  made.  Standardization  of  this  kind  should  have 
the  added  value  of  aiding  in  obtaining  the  confidence  of  those 
authorities  whose  approval  is  necessary  before  welding  can  be  applied 
in  a  number  of  important  fields. 

The  Paper  is  illustrated  by  Plate  13  and  4  Figs,  in  the  letterpress. 


Discussion  in  London,  on  Friday,  18th  February  1921. 

Mr.  William  H.  Patchell,  Vice-President,  in  the  absence  of  the 
Author,  presented  the  Paper.  He  said  his  only  qualification  for  doing 
80  was  that  he  had  had  the  pleasure  of  discussing  it  with  his  friend, 
Mr.  Farmer,  in  New  York  last  year.  Mr.  Farmer  was  connected 
with  a  large  and  distinguished  Institution  in  New  York  and  with 
the  American  Bureau  of  Welding. 

The  President  proposed  that  a  hearty  vote  of  thanks  be  sent  to 
the  Author  in  New  York  and  should  also  be  accorded  to  Mr.  Patchell 
for  having  at  the  last  moment  undertaken  to  present  the  Paper. 
The  establishment  of  standard  tests  of  welds  was  important  and 
difficult,  and  it  was  due  to  the  want  of  such  tests  that  electric 
welding  and  other  kinds  of  autogenous  welding  were  not  used  as 
much  as  they  might  be. 

BrigirGeneral  E.  K.  Bagnall-Wild,  C.M.G.,  C.B.E.,  said  the 
Author  was  a  brave  man  to  tackle  the  subject  of  inspection  of  welds. 
This  had,  so  far  as  he  was  aware,  never  been  thoroughly  discussed 
in  England,  and  he  hoped  that  the  discussion  would  be  of  value  in 
ventilating  the  subject.  He  would  confine  his  remarks  to  commercial 
testing  only,  testing  under  bulk  production,  and  to  the  use  of  welded 
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(Brig.-Gen.  R.  K.  Bagnall-Wild.) 

thin  sheet,  tubes  and  metal  fittings  for  aircraft.  In  reading  through 
the  Paper  he  had  been  struck  by  the  fact  that  the  tests  to  be  imposed 
were  tests  of  special  pieces,  in  other  words,  the  testing  of  the  ability 
of  the  workman  who  was  going  to  put  his  very  best  work  into  the 
test-pieces  and  not  the  testing  of  the  welds  under  ordinary  commercial 
production.  It  might  be  asked  how  could  that  be  done,  and,  as  a 
matter  of  fact,  he  was  bound  to  say  he  did  not  know.  In  aircraft 
work,  welds  were  not  used  where  the  part  was  subject  to  direct 
tensile  stress  or  to  shear.  The  only  useful  method  of  testing  he 
had  discovered  was  to  test  the  actual  part,  that  was,  to  select  and 
destroy  a  certain  percentage  of  finished  articles  and  make  a  test-piece 
cut  therefrom. 

In  the  material  tests  he  noted  the  composition  was  given,  and 
he  regarded  that  as  of  great  importance,  but  would  suggest  that  the 
percentage  of  nickel  should  be  specified  in  the  composition.  He 
had  had  experience  of  failure  with  some  sheet  steel.  It  would  not 
weld.  It  was  ordered  as  an  ordinary  carbon-steel,  but  it  was  found 
eventually  that  the  scrap  used  in  making  that  steel  contained  a 
percentage  of  nickel.  Nickel  had  to  be  down  to  practically  0  per  cent 
or,  at  the  worst,  only  a  trace.  With  regard  to  the  mechanical  test, 
he  noticed  that  the  Author  did  not  say  whether  his  test-piece  was 
tested  as  cast,  that  is,  as  welded,  or  whether  it  was  subsequently 
normalized.  That  was  most  important,  and  should  be  stated  in  the 
specification.     He  himself  would  prefer  it  to  be  normalized. 

Then  again,  the  Author  machined  his  weld.  So  far  as  thin 
material  was  concerned,  it  was  quite  impossible  to  get  any  test  result 
representing  the  finished  article  if  the  skin  was  machined  ofi.  The 
bending  test  was  a  good  one  and  he  himself  had  used  it  right 
throughout  the  War.  The  stress-reversals  test,  he  suggested,  was 
hardly  a  commercial  one  ;  it  was  very  useful,  but  he  would  substitute 
for  it  an  ordinary  impact  test  in  commercial  testing.  With  regard 
to  the  Author's  reference  to  the  angle  of  the  V,  that  ought  to  be 
most  carefully  considered  when  tests  were  being  made,  and  should 
be  recorded  every  time. 

To  guarantee  safety,  so  far  as  possible,  the  selective  scheme  was 
essential,  that  is,  destro)ang  one  part  in  a  certain  percentage  according 
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to  the  importance  of  the  finished  article.  A  most  useful  test  was  to 
saw  the  part  up  longitudinally,  etch  it  with  picric  or  nitric  acid,  and 
examine  the  surface.  That  was  especially  necessary,  not  so  much 
with  regard  to  the  material  in  the  weld  itself  but  with  regard  to  what 
had  happened  to  the  material  in  the  neighbourhood  of  the  weld. 

Mr.  E.  S.  Johnson  (Lloyd's  Register  of  Shipping)  said  that  the 
first  case  of  any  repairs  to  vessels  classed  with  Lloyd's  Register  being 
efiected  by  welding  occurred  in  1906,  although  the  practicability  of 
welding  by  the  electric  arc  process  had  been  demonstrated  many 
years  before  that  time.  The  satisfactory  nature  of  these  early  repair 
jobs  had  led  to  the  permanent  establishment  of  the  art  of  welding 
in  the  engineering  world,  and  its  field  of  application  was  rapidly 
extending  with  the  increase  of  knowledge  and  experience  of  the 
subject.  In  1917  welding  was  in  a  sufficiently  advanced  stage  to 
warrant  the  possibility  of  its  being  applied  to  the  structural  members 
of  a  vessel,  and  it  was  realized  by  Lloyd's  Register  that  more 
information  should  be  obtained  regarding  the  physical  properties 
of  welding  and  welding  material,  before  the  introduction  of  welding 
in  place  of  riveted  work,  in  a  structure  subject  to  alternating  stresses, 
could  be  approved.  Experiments  for  the  purpose  of  ascertaining 
the  ultimate  strength  of  welded  connexions  had  already  been 
carried  out  at  Washington  and  by  the  British  Admiralty,  with  very 
satisfactory  results,  but  they  were  quite  inadequate  so  far  as  a 
general  standardization  of  welding  tests  was  concerned. 

The  tests  arranged  and  carried  out  by  Lloyd's  Register  were  very 
similar  to  those  recommended  by  Mr.  Farmer,  and  they  had  been 
fully  described  by  Sir  Westcotfc  Abell,  K.B.E.,  in  his  Papers  read 
before  the  Institution  of  Civil  Engineers  and  the  North-East  Coast 
Institution  of  Engineers  and  Shipbuilders.  So  far  as  mechanical 
tests  were  concerned,  the  only  practical  import  they  held  for  the 
structural  engineer  was  the  evidence  they  gave  of  the  properties 
possessed  by  the  welded  joint  when  stressed  up  to  the  elastic  limit, 
or  it  would  perhaps  be  more  accurate  to  say,  within  the  working 
limits  of  the  material  used.  Ultimate  strength  was  only  of  value 
as  a  rough  test,  while  the  measurement  of  the  yield-point  and  of  the 
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total  elongation  was  entirely  misleading,  because  of  the  fact  that  the 
weld  formed  such  a  small  portion  of  the  length  of  the  specimen  over 
which  these  items  were  measured.  The  ultimate  elongation  of  a 
welded  specimen  was  considerably  less  than  that  of  the  unwelded 
plate,  and  the  reason  for  this  was  that  at  high  stresses  (exceeding 
the  elastic  limit)  the  welded  material  was  much  less  ductile  than 
ordinary  mild  steel  and  broke  abruptly,  without  flow  of  the 
metal  and  without  a  gradual  contraction  of  area  at  the  point  of 
fracture. 

In  the  experiments  carried  out  by  Lloyd's  Register,  the  average 
ultimate  elongation  measured  over  a  distance  of  8  inches  was  found 
in  the  case  of  a  plain  piece  to  be  29  per  cent,  for  a  longitudinal 
weld  12  per  cent,  and  for  a  transverse  weld  8  per  cent.  The 
measurement  of  the  reduction  in  area  at  the  point  of  fracture  had 
no  practical  value,  because  in  most  standard  systems  of  welding  it 
was  found  that  the  test-piece  broke  clear  of  the  weld.  The  Author 
attached  considerable  importance  to  the  value  of  the  bending  test. 
In  the  tentative  regulations  and  tests  required  by  Lloyd's  Register 
for  the  approval  of  welding  systems,  no  bending  test  was  included, 
and  this  was  in  view  of  the  results  obtained  from  a  series  of  cold- 
bending  experiments.  The  specimens  were  18  inches  in  length  by 
3  inches  in  breadth,  and  were  bent  over  a  block  having  a  diameter 
equal  to  three  times  the  thickness  of  the  plate.  Tests  were  made 
with  plates  ranging  from  |  inch  to  1  inch  in  thickness  and  with  the 
apex  and  the  base  of  the  weld  arranged  alternately  uppermost.  As 
was  expected,  there  was  considerable  difference  in  the  angle  of  bend 
in  the  two  cases  at  which  the  specimens  fractured,  depending  upon 
which  end  of  the  weld  was  uppermost.  In  the  ^  inch  and  1  inch 
plates,  the  average  differences  in  the  angle  of  bend  were  found  to 
be  14°  and  5°  respectively.  The  best  angle  of  bend  at  which  fracture 
occurred  in  the  ^  inch  plates  was  87°  and  for  the  1  inch  plate  23|°, 
whereas  similar  test-pieces  of  plain  plate  cut  from  the  plates  from 
which  the  welded  samples  were  made  were  found  in  all  cases  to 
submit  to  an  angle  of  bend  of  180°  without  fracture.  It  would, 
therefore,  be  unreasonable  to  include  a  bending  test  in  any 
regulations  framed  for  the  purpose  of  testing  the  merits  of  a  system 
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of  welding.  It  could  also  be  concluded  from  the  results  of  these 
bending  tests  that  the  angle  at  which  the  V  was  cut  in  the  original 
plate,  would  have  considerable  efiect  upon  the  angle  of  bend  at 
which  fracture  would  occur. 

The  Author  stated  that  in  structures  where  vibration  was  always 
present,  fatigue  tests  were  of  great  importance  ;  especially  was  this 
so  from  a  shipbuilder's  point  of  \-iew  ;  but  for  general  purposes, 
giving  due  consideration  to  the  experience  gained  of  bending  tests, 
it  would  be  more  reasonable  under  his  system  of  numerical  evaluation 
to  assign  a  value  of  2  to  the  fatigue  tests  and  certainly  not  more  than 
1  to  a  bending  test.  In  such  a  structure  as  a  ship,  it  was  of  extreme 
importance  that  welded  joints  should  be  able  to  withstand  continued 
alternating  stresses,  and  a  series  of  rotary  tests  were  for  this  reason 
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required  by  the  Rules  of  Lloyd's  Register.  The  tests  were  similar 
to  those  recommended  in  the  Paper,  but  Mr.  Farmer's  machine 
appeared  to  be  unnecessarily  hea\'7  and  complicated.  The  machine 
devised  by  the  staff  of  Lloyd's  Register  for  this  purpose  was  in 
accordance  with  the  suggestions  of  Dr.  W.  Mason,  A.M.I.Mech.E., 
of  the  University  of  Liverpool,  and  was  shown  diagrammatically 
in  Fig.  7. 

The  specimen  is  held  in  the  grip  of  the  lathe  at  C  and  is  loaded 
with  equal  weights  of  known  amount  at  A  and  B,  at  which  points 
the  rod  is  carried  in  ball-bearings.  This  arrangement  of  loading 
produced  a  uniform  bending  moment  over  that  part  of  the  rod 
between  B  and  C,  and  the  weights  W  being  known,  the  stress  on  the 
material  of  the  rods  could  be  easily  calculated.     The  specimen  was 
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reduced  in  diameter  in  the  region  of  the  weld  to  ensure  fracture 
taking  place  clear  of  the  points  of  support.  As  the  rod  was  revolved, 
the  stress  on  each  part  of  the  material  changed  during  each  revolution 
from  compression  to  an  equal  stress  in  tension.  The  total  cost  of 
the  machine  was  about  £90,  so  that  the  expense  occurred  in  adding 
such  a  machine  to  a  welding  equipment  was  not  of  great  consideration. 
The  shearing  force  diagram  shown  in  Fig.  4  (page  236)  had  no  value, 
as  in  these  rotary  tests  the  failure  of  the  specimen  was  not  due  to 
shear. 

A  further  test,  not  included  in  the  Paper  but  required  by  Lloyd's 
Regulations,  was  one  of  impact.  It  was  found  that  in  some  early 
cases  of  welding  when  the  run  was  struck  by  a  hammer,  pieces  of 
the  welding  material  became  loose,  and  in  testing  a  system  it  was 
therefore  considered  advisable  to  include  some  test  that  would  give 
an  indication  of  the  brittle ness  of  the  weld.  It  was  found  that 
welded  plates  could  withstand  impact  with  a  considerable  degree  of 
success  ;  a  i-inch  plate  arranged  on  supports  4  feet  6  inches  apart 
and  raised  18  inches  from  the  ground  sustained  two  successive  blows 
of  4  cwt.  dropped  through  12  feet,  giving  a  deflection  of  12  inches 
%vithout  any  signs  of  fracture  in  the  weld  ;  and  in  no  case  had  any 
failure  occurred  under  this  test. 

Since  the  completion  of  the  tests  of  1918,  the  Committee  of 
Lloyd's  Register  had  continued  their  researches  into  the  question 
of  electric  welding  and  for  their  information  Dr.  Marchant,  of 
Liverpool  University,  had  carried  out  a  most  exhaustive  series  of 
experiments  viith.  a  view  to  ascertaining  the  electrical  conditions 
under  which  welding  should  be  carried  out  and,  if  possible,  to 
determine  the  electrical  properties  of  the  electrode.  An  automatic 
welding  machine  wds  devised  to  enable  the  welding  to  be  carried  out 
in  a  perfectly  definite  way  to  secure  comparable  results  in  respect  of 
variations  in  current  and  voltage.  Various  types  of  electrodes  were 
used,  and  by  means  of  an  oscillograph,  photographic  records  were 
obtained  showing  the  variation  in  voltage  and  amperage  during  the 
process  of  welding.  From  the  results  obtained,  it  would  appear  that 
the  current  and  pressure  were  much  steadier  when  the  electrode  was 
positive  than  when  it  was  negative,  but  there  was  not  sufl&cient 
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difference  to  justify  the  use  of  such  a  method  as  a  means  of  comparing 
electrode  qualities,  nor  did  it  appear  that  the  electrical  conditions 
in  the  circuit  during  the  process  of  welding  could  be  used  as  a 
criterion  of  the  soundness  of  the  welded  joint. 

A  second  series  of  experiments  had  the  object  of  finding  out 
whether  the  method  of  controlling  the  current  used  for  the  arc  had 
any  efiect  on  the  quality  of  the  welded  material.  Two  pairs  of 
plates  were  welded  by  hand,  the  current  in  one  case  being  controlled 
entirely  by  resistance,  and  in  the  other  case  largely  by  reactance. 
The  result  of  fatigue  and  tensile  tests  carried  out  on  these  specimens 
showed  that  the  fatigue  strength  and  character  of  the  metal  deposited 
at  the  welded  joint  were  not  seriously  affected  by  the  nature  of  the 
current  and  pressure  regulating  arrangements.  Dr.  Marchant  also 
devoted  much  time  to  the  development  of  the  design  of  an  apparatus 
which  would  enable  faulty  places  in  a  weld  to  be  detected,  and  had 
constructed  a  tester  which  might  be  useful  for  determining  faults  in 
a  weld  or  cracks  in  a  fiat  plate. 

Mr.  E.  E.  Dolby  said  he  wished  to  offer  two  or  three  words  of 
reminiscence  and  to  ask  a  question.  He  was  driAang  along  the 
Embankment  in  a  hansom  cab  one  day  and  saw  the  roof  of  Charing 
Cross  station  suddenly  fall  in  ;  there  were  not  many  people,  he 
thought,  who  saw  that  accident.  The  result,  as  probably  a  great 
many  members  knew,  was  due  to  the  breaking  of  the  welded  joint 
of  a  tie-rod.  A  short  time  ago  he  had  the  interesting  experience  of 
seeing  some  sections  cut  through  the  defective  welded  portion  of 
that  very  tie-rod  ;  it  was  about  4|  inches  in  diameter  and  there  was 
a  hole  as  large  as  a  hen's  egg  right  through  the  welded  section. 
When  reading  the  Paper  the  question  arose  in  his  mind  :  "Would  any 
process  have  discovered  the  defect  in  that  tie-rod  at  the  time,  or 
shortly  after,  it  was  made  ?  He  could  see  no  prospect,  from  v^hat 
had  been  said  in  the  Paper,  of  any  test  being  made  that  would  have 
proved  the  unsoundness  of  that  rod . 

Captain  David  Richardson,  R.A.F.,  said  it  would  probably  be 
of  interest  to  the  members  to  know  what  had  previously  been  done 
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in  the  way  of  standardization  in  the  testing  of  welds.  At  the 
Congres  International  des  Methodes  d'Essais,  held  at  Zurich  in  1895, 
a  method  of  verifying  the  quality  of  welds  was  proposed.  In  1912 
the  Bureau  Central  de  I'Acetylene  and  Soudure  Autogene  of 
Nuremberg  offered  a  prize  of  1,500  marks  for  the  best  solution  of  the 
following  question  :  "  In  what  manner  may  the  presence  of  oxide 
inclusions,  unwelded  portions,  and  the  burning  of  the  metal  be 
discovered  in  an  autogenous  weld  without  damaging  the  line  of 
welding  ?  "  There  were  twenty-six  entries,  none  of  which  were 
satisfactory,  and  of  which  five  gave  possible  lines  of  development. 
The  application  of  electrical  and  magnetic  methods  had  proved  to 
possess  serious  difficulties.  The  electrical  resistance  method  of 
determining  the  presence  of  cracks  was  dealt  with  in  an  article  in 
the  Revue  de  Metallurgie  of  January  1913.  At  the  present  time  the 
Office  Central  de  I'Acetylene  of  France  were  engaged  in  a  series  of 
official  tests  for  establishing  methods  of  testing  welds. 

With  regard  to  the  Paper,  it  was  interesting  to  note  that  the 
American  Bureau  of  Welding  was  a  product  of  the  War,  and 
practically  the  whole  of  the  programme,  of  which  the  Paper 
represented  one  item,  was  only  fixed  at  the  latter  end  of  1920.  The 
Emergency  Fleet  Corporation  formed  a  Welding  Committee,  which 
comprised  representatives  from  England.  With  the  close  of  the 
War,  when  the  Government  withdrew  from  the  activities  created 
by  it,  the  American  Welding  Society  was  formed  to  carry  on  the 
work.  From  this  emerged  the  American  Bureau  of  Welding,  the 
functions  of  which  were  to  establish  and  standardize  the  facts,  to 
conduct  researches  and  to  furnish  a  sound  basis  for  an  industry 
which  was  bound  to  become  of  the  first  magnitude.  The 
standardization  of  testing  welds  was  only  one  of  the  items  in  the 
programme.  He  was  of  the  opinion  that  some  of  the  other  items 
were  much  more  important  at  the  present  time,  for  instance,  the 
standardization  of  welders  and  equipment.  The  necessity  for 
elaborate  tests  which,  in  many  cases,  were  of  little  real  value,  would 
disappear  with  well  trained  and  conscientious  welders.  The  practical 
test  of  a  weld  was  the  character  and  training  of  the  man  who 
made  it. 
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The  value  of  tests  on  welds  was  often  negatived  by  the  procedure 
followed.  A  specimen  weld  was  generally  taken  machined  or  turned 
up,  thus  frequently  eliminating  one  of  the  most  serious  defects  of 
welds,  namely,  lack  of  penetration.  With  reference  to  the  bending 
test,  he  had  found  that  this  test  was  of  great  value  in  training 
welders,  but  the  bending  was  not  applied  as  shown  in  the  diagram. 
The  question  of  preliminary  tests  on  the  materials,  which  in  the 
case  of  oxy-acetylene  welding  would  include  a  blow-pipe  test,  was 
very  important.  In  view  of  the  enormous  value  of  examining  welds 
in  situ,  he  forecasted  that  the  development  of  X-ray  examination 
would  lead  to  its  establishment  as  one  of  the  chief,  if  not  the  chief, 
method  of  examining  and  testing  welds.  He  had  found  that  simple 
etching  tests  were  of  great  value. 

Dr.  B.  P.  Haigh  agreed  that  it  was  most  desirable  that  some 
method  should  be  found  for  testing  finished  welds  in  structures  ; 
but  as  no  convenient  method  was  at  present  available  for  this 
purpose,  it  was  necessary  to  rely  on  tests  on  special  samples.  As 
the  Author  had  stated,  much  depended  on  the  proficiency  and 
integrity  of  the  individual  welder.  He  thought  that  only  two  sets 
of  standards  were  really  important,  namely,  (1)  Shop-tests  to 
ascertain  when'  a  welder  had  attained  a  reasonable  standard  of 
proficiency,  and  (2)  a  series  of  Standard  tests  for  specifications. 
He  did  not  doubt  that  research  would  continue  to  look  after  itself 
in  the  matter  of  standards. 

The  tensile  test  could  no  longer  be  regarded  as  a  suflacient 
criterion  of  strength,  particularly  when  the  results  were  given  as 
percentages  of  the  strength  of  the  plates.  Having  had  an  opportunity 
of  testing  a  series  of  twenty  welds  produced  by  the  Kjellberg  process, 
he  had  found  that  not  one  of  these  broke  through  or  near  the  weld. 

With  regard  to  fatigue  tests,  which  the  Author  wisely 
recommended  for  specification  purposes,  he  did  not  think  the  type 
of  machine  described  in  the  Paper  was  the  most  suitable.  In  any 
rotating-beam  test,  the  results  depended  unduly  on  the  metal  at 
the  outside.  Whereas  a  test-piece  with  a  large  flaw  near  the  centre 
might  give  good  results  in  such  a  test,  the  presence  of  only  a  slight 
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flaw  near  the  outside  would  give  a  poor  test  result.  It  was  greatly 
to  be  preferred  that  the  stress  should  be  uniformly  distributed 
across  the  full  section,  as  well  as  along  a  considerable  length.  He 
had  obtained  very  successful  results  with  a  machine  that  fulfilled 
these  requirements  and  worked,  moreover,  with  a  much  higher 
frequency  of  reversal,  thereby  reducing  the  time  required  for  the 
completion  of  a  test.  He  deprecated  the  Author's  statement  that 
fatigue  tests  were  necessarily  arbitrary  ;  the  limiting  fatigue  stress 
could  be  measured  with  very  great  accuracy  in  a  suitable  machine. 
The  figure  suggested  by  the  Author  as  a  standard  fatigue  strength 
appeared  to  be  suitably  chosen.  In  a  series  of  tests  on  Kjellberg 
welds,  more  than  half  the  number  of  test-pieces  had  withstood  over 
five  million  reversals  with  stresses  over  10  tons  per  square  inch. 

Although  the  Author  had  mentioned  the  impact  test  among  the 
headings  under  commercial  tests,  no  standards  had  been  suggested. 
As  the  impact  test  often  revealed  brittleness  in  welds  that  gave  good 
results  in  other  respects,  that  omission  was  an  important  one.  The 
Izod  test  was  a  simple  and  practical  one,  and  deserved  careful 
consideration  for  welding  work.  It  could  be  recommended  as  a 
shop  test,  and  appeared  preferable,  for  this  purpose,  to  the  bending 
test  described  by  the  Author.  The  Izod  test  always  broke  the  test- 
piece,  so  that  the  fracture  could  be  examined  :  a  matter  of  great 
importance  since  the  characteristic  appearances  of  tough  and  brittle 
metal  were  now  well  known.  Another  excellent  shop  test  was  the 
torsion  test,  carried  out  by  twisting  a  sample  composed  wholly  of 
added  metal.  By  measuring  the  number  of  turns  obtained  on,  say, 
100  diameters,  and  observing  the  uniformity  of  twast  along  the  length, 
it  was  possible  to  form  a  very  reliable  opinion  of  the  degree  of 
proficiency  attained  by  any  individual  welder,  working  under 
specified  conditions,  as  in  "  overhead "  work.  It  was  not 
unreasonable  to  expect  thirty  complete  turns  on  a  length  of  100 
diameters. 

For  photomicrographs,  a  magnification  of  100  diameters  was 
not  the  most  instructive  for  studying  welds,  although  it  was  suitable 
for  general  purposes.  At  this  magnification,  all  welds  appeared 
more  or  less  alike,  and  the  characteristic  features  that  made  for 
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toughness  or  brittleness  were  not  clearly  indicated.  Figs.  8-12, 
Plate  14,  illustrated  this  point.  In  Fig.  8,  which  showed  the 
junction  between  the  original  plate  and  the  added  metal  in  a  V 
butt  weld,  a  magnification  of  100  diameters  illustrated  the  brittle 
structure  produced  by  overheating  the  plate,  but  did  not  show  the 
characteristics  of  the  added  metal.  The  effects  on  the  plate  were 
more  clearly  shown  in  Fig.  9  with  only  two  magnifications.  This 
showed  the  same  V  butt  weld,  which  had  been  produced  by  adding 
metal  in  three  distinct  runs.  The  bottom  of  the  V  was  not  completely 
filled,  as  the  electrode  had  been  somewhat  too  thick  for  the  purpose. 
The  first  run  of  added  metal  comprised  two  distinct  layers,  although 
the  profile  showed  clearly  that  they  had  been  added  simultaneously. 
The  lower  part  had  a  coarse  brittle  structure,  while  the  upper  part 
had  been  refined  by  tlie  heat  of  the  second  run.  The  second  run 
had  likewise  been  refined  by  the  heat  of  the  third  ;  while  the  third 
retained  its  coarse  original  structure.  Thus  the  interior  of  the  weld 
was  tougher  than  the  exterior.  The  same  view  showed  very  clearly 
how  successive  waves  of  heat  had  traversed  the  metal  of  the  plates, 
embrittUng  them  in  a  narrow  zone  and  refining  them  in  wider  zones. 
He  thought  such  low-power  views  were  of  great  value  for  research 
and  for  other  purposes. 

Fig.  10  showed  a  face  view  of  a  tensile  fracture  and  served  only 
to  elucidate  the  contrast  between  two  subsequent  figures.  The 
fracture  showed  that  part  of  a  particular  weld  was  tough,  and  part 
brittle.  That  was  a  not  uncommon  state  of  afiairs,  particularly 
when  the  welder  was  none  too  proficient.  At  500  magnifications, 
as  used  for  Figs.  11-12,  the  cause  of  this  difference  was  clearly 
.  revealed.  The  tougher  part  showed  the  characteristic  Ferritic 
structure  with  finely  divided  carbonaceous  particles,  while  the  brittle 
part  showed  a  laminated  structure  that  facilitated  the  development 
of  cracks. 

Dr.  T.  E.  Stanton,  C.B.E.,  Member  of  Council,  said  he  quite  agreed 
with  the  other  speakers  who  insisted  on  the  value  of  the  impact  test. 
In  a  weld  the  heat  treatment  of  the  metal  was  very  severe,  and  he 
thought  there  might  often  be  set  up  in  the  neighbourhood  of  the 
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weld  a  form  of  brittleness  wHch  could  not  be  detected  by  any  other 
mechanical  test  but  the  impact  test.  He  also  agreed  with  the 
speaker  who  said  that  the  standardization  of  the  welder  was  equally 
necessary.  If  it  were  possible  to  get  some  sort  of  examination  which 
a  welder  could  undergo,  it  would  be  a  very  good  thing.  He  beUeved 
that,  during  the  War,  ex-Service  men  were  taken,  who  had  had  no 
training,  and  in  six  weeks  were  turned  into  efficient  welders.  In 
South  Wales  the  other  day  he  had  seen,  in  welding  gas-cylinders  for 
high  pressures,  that  every  welder  had  his  own  little  stamp,  and  when 
he  made  a  weld  he  stamped  it  so  that  it  might  be  identified,  and  this 
practice,  he  thought,  might  also  be  adopted. 

The  President  thought  that  Dr.  Stanton's  view  was  to  test 
the  welder  and  not  the  weld. 

Major  J.  Caldwell  said  the  Author  had  referred  to  the 
absence  of  welding  standards  of  any  kind  in  America.  Although 
comprehensive  welding  tests  had  been  undertaken  in  the  United 
States,  they  were  invariably  carried  out  by  welding  enthusiasts,  or  on 
behalf  of  large  users  or  prospective  users  of  the  process.  The  result 
of  the  former  were  not  suitable  for  intelligent  comparison  of 
materials  and  workmanship,  whilst  for  obvious  reasons  the  latter 
had  to  be  considered  confidential  and  withheld  from  competitive 
parties  interested  in  the  manufacture  and  supply  of  the  electric 
welding  material  and  apparatus  used.  During  the  War  many  of 
the  latter  tests  were  communicated  to  this  country,  and  he  was  glad 
to  have  the  opportunity  of  acknowledging  the  useful  purpose  of 
certain  unbiased  and  careful  investigations  carried  out  on  behalf  of 
his  Company  by  Mr.  E.  B.  Katte,  Chief  Engineer  of  the  New  York 
Central  Railroad  Company.  The  Wirt  Jones  tests  represented  an 
attempt  at  standardization  on  the  part  of  the  Welding  Committee  of 
the  Emergency  Fleet  Corporation  of  the  United  States  Shipping 
Board,  but  those  tests  were  not  convincing,  because  no  attempt  was 
made  to  standardize  the  operation  and  the  method  of  executing  the 
work.  He  was  justified  in  making  those  remarks  because  he  was 
one  of  the  original  members,  and  represented  the  Admiralty  on  the 
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^.erican  Welding  Committee.  In  this  country  we  had  been  more 
fortunate  m  standardizing  tests  of  welded  joints.  The  tc.ung  of 
electric  welds  had  engaged  the  practical  attention  of  the  Admiral  y 
and  Lloyd's  Register  of  Shipping  during  the  last  three  yeai^  with 
special  reference  to  sHpbuilding  use.  Both  those  bodies  had  found 
no  difficulty  in  adapting  to  welds  the  methods  which  they  h.d 
developed  during  many  years  for  testing  materials  and  the  reUahihty 
of  workmanship  in  shipbuilding. 

It  was  doubtful  whether  there  was  any  great  advantage  to  be 
gained  bv  standardizing  the  size  of  test-pieces.  The  size  necessary 
to  test  a  weld  under  conditions  approximate  to  those  m  use  might 
vary  very  considerably.  For  example,  for  butt  or  lap  welds  m  ship 
plates  or  similar  structures,  it  was  more  representative  to  use  a 
larae  width  of  plate  than  to  cut  out  a  narrow  specimen  ^-hich  might 
or^might  not  be  fairly  representative  of  the  whole  weld.  Lloyds 
tests  included  specimens  20  inches  and  48  inches  wide,  and  clearly 
a  riveted  test-piece  of  \\  inch  or  2  inches  would  not  give  the  true 
strength  of  riveted  joints. 

The  Author  advocated  a  bending  test,  which  was  a  most  searching 
and  simple  test  for  workshop  use.     It  was  the  readiest  way  of  testing 
the  QuaUty  of  a  welder's  work,  difierent  kinds  of  electrodes,  and  other 
changes  in  working  conditions.  The  question  of  the  cyUndrical  loading 
surface  to  be  used  for  bending  tests  came  into  consideration.     Ihe 
Admiralty  used  a  block  with  a  radius  of  1  inch  for  \  inch  plates,  and 
2  inchesfor  linchupto  1-inch  plates;  Lloyd's  required  a  block  ha^.ng 
a  diameter  equal  to  three  times  the  thickness  of  the  plate  ;  whilst  m 
another  series  of  tests  carried  out  by  the  National  Physical  Laboratory 
the  block  radius  was  sUghtly  less  than  the  thickness  of  the  plate. 
He  certainly  thought  the  block  radius  should  be  somewhat  more 
than  the  tHckness  of  the  plate.     It  was  very  doubtful  whether  the 
bending  test  was  of  any  real  use  for  commercial  testing.   Members  of 
structures  were  not  as  a  rule  exposed  to  large  angles  of  bend  m  use, 
and  in  designing  them,  joints  of  any  kind  were  so  placed  that  they 
were  not  subjected  to  such  bends.     Reverting  to  workshop  tests, 
he  would  like  to  suggest  that  for  training  weldei^  and  testing  the 
suitability  of  electrodes,  the  microscope  should  have  an  important 
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place.  He  was  strongly  of  opinion  that  all  the  photomicrographs 
that  were  shown  for  comparative  purposes  should  be  of  about  1,000 
magnification,  and  they  should  be  shown  frequently  to  workmen, 
because  they  were  more  convincing  than  anything  as  to  the  class 
of  work  that  was  turned  out. 

He  wished  particularly  to  emphasize  the  importance  of  practical 
tests.  The  stresses  on  structures  were  often  composite,  not 
predictable,  and  not  to  be  produced  by  testing  machines.  Electric 
welding  had  already  made  good  in  this  country  for  such  diverse 
uses  as  shipbuilding,  large  tank  construction,  steel  buildings  and 
roof  trusses,  and  had  been  used  for  these  services  to  a  much  larger 
extent  than  was  realized  ;  the  process  also  had  been  used  recently 
in  the  manufacture  of  wheels  for  motor-omnibuses  and  large 
commercial  vehicles.  The  last  use  was  emphatically  of  the  most 
searching  kind.  The  stresses  in  a  motor-omnibus  wheel  were 
composite,  alternating,  tensile,  compressive,  bending  and  torsional, 
combined  in  unforeseeable  ways.  Electric  arc  welding  had  given 
excellent  results  after  extensive  use,  and  such  built-up  wheels,  each 
comprising  ninety-three  welded  parts,  had  given  many  thousands  of 
miles'  good  service  on  the  London  streets,  with  no  sign  of  failure. 

Mr.  William  Mills  said  the  way  he  tested  blacksmiths'  welds 
was  to  let  the  weld  cool  down  and  re-heat  it ;  if  it  was  a  bad  weld, 
a  dark  mark  would  be  seen  and  the  w^eld  would  be  condemned. 
When  it  was  broken,  it  would  always  be  found  to  be  a  bad  weld. 
He  had  never  known  a  w^eld  inspected  in  that  way  that  gave  out 
afterwards.  This  method  was  well  worthy  of  some  further  research, 
and  had  a  value,  because  the  weld  was  tested  without  being  broken. 

With  regard  to  the  Charing  Cross  station  tie-rod,  which  had 
been  mentioned  by  Mr.  Dolby,  he  thought  that,  if  it  had  been 
re-heated  where  the  weld  was  made,  a  different  colour  or  transparency 
would  have  been  seen  and  the  flaw  detected.  That  method  had 
been  used  with  entire  success  in  his  works  for  thirty  or  thirty-five 
years. 

Mr.  William  H.  Patchell,  on  the  Author's  behalf,  thanked  the 
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Meeting  for  the  manner  in  which  the  Paper  had  been  received.     His 
own  experience  of  welding  had  been  in  connexion  chiefly  with  steam- 
pipes,  wdth  which  he  had  experienced  no  trouble  since  the  first  lot 
he  tried  in  1895,  quite  early  in  the  art.     He  beUeved  the  Admiralty 
would  not  use  a  welded  steam-pipe  flange.     Why,  he  did  not  know. 
He  thought  if  it  was  possible  to  get  some  standard  of  test  for  welds, 
the  Admiralty  as  well  as  other  people  would  be  convinced.     When 
the  Paper  was  first  ofiered  to  the  Institution,  he  tried  to  get  a  Paper 
read  by  an  EngUshman  to  read  with  it,  thinking  that  the  standard 
methods  on  this  side  of  the  Atlantic  and  on  the  other  side  imght  be 
compared,  but  on  going  into  the  matter  he  found  there  was  no 
accepted  standard  method.     He  beheved  there  would  be  no  difficulty 
in  getting  specimens,  which  would  cost  the  contributors  practically 
nothing,  and  yet  in  the  aggregate  would  be  of  very  great  value,  and 
the  work  of  testing  those  specimens  could  be  done  by  people  who  had 
testing  machines  and  methods  of  testing.     The  result  would  be  of 
great  importance.     He  thought  the  Institution  or  the  Iron  and 
Steel  Institute  should  take  the  matter  up,  as  it  would  be  probably 
better  work  for  them  than  for  the  British  Engineering  Standards 
Association.     In  spite  of  the  suggestion  that  had  been  made  by  one 
speaker,  that  the  Americans  were  trying  to  put  it  on  to  Great  Britain 
to  carry  on  with  the  w^ork,  he  thought  they  were  trying  to  do  their 
best,  and  if  this  country  also  did  its  best  some  useful  results  would 
be  obtained. 


Discussion  in  Manchester,  on  Thursday,  2ith  February  1921. 
Mr.  Farmer's  Paper  was  presented  in  abstract  to  the  Meeting 
by  Mr.  William  H.  Patchell,  Vice-President. 

The  Chairman  (Mr.  Daniel  Adamson,  Member  of  Council),  said 
it  seemed  to  him  the  Paper  emphasized  the  necessity  of  giving 
consideration  to  the  subject  from  the  metallurgical  point  of  view. 
To  many  of  them  it  was  not  easy  to  appreciate  photomicrographs, 

s  2 


260  STANDARDIZATION    OF    TESTING    WELDS.  Fkb.   1921. 

(Mr.  Daniel  Adamson.) 

and  they  could  not  have  Papers  of  this  type  put  before  them  too 
often,  because  every  time  they  learned  a  little,  until  at  last  they 
were  able  to  obtain  safe  and  practical  guidance  for  their  work. 
Care  must,  however,  be  taken  in  the  design  of  the  objects  to  which 
the  process  was  to  be  applied,  and  particularly  in  the  location  of  the 
welds.  As  had  been  pointed  out  many  times,  welded  seams  were 
not  suitable  to  resist  bending  action.  In  recent  years  they  had 
flanged  the  ends  deeply  and  so  placed  the  weld  farther  away  from 
the  place  where  the  tendency  to  bending  was  felt. 

A  sim^ile  test,  which  had  not  been  alluded  to  in  the  Paper,  but 
which  was  applied  in  his  own  workshop,  was  known  as  the  hot- forge 
test.  A  small  piece  of  plate  was  cut  and  welded  across  the  centre, 
and  then  pressed  or  forged  out  to  various  shapes.  They  were  thus 
able  to  test  under  similar  conditions  according  to  the  various  methods 
of  welding,  electric,  gas,  coke-fired,  and  ascertain  their  suitability. 
In  many  instances  plates  had  to  be  joined  together  because  they 
could  not  get  plates  sufficiently  large  for  the  purpose  in  view  for 
the  end  of  a  vessel  ;  therefore  they  were  always  on  the  look-out 
for  some  means  of  uniting  two  pieces  to  form  a  homogeneous  plate, 
so  that  they  might  afterwards  be  flanged  into  the  shape  required. 
Very  often  electric  welding  was  resorted  to  in  order  to  remedy  the 
results  of  corrosion.  Difficulty  was  caused  by  the  varying 
electrolytic  qualities  of  the  two  metals,  the  added  material  differing 
from  the  original  material,  and  corrosion  was  accentuated.  In 
some  instances,  trouble  arose  through  the  use  of  welding  as  a  last 
resort  to  get  out  of  an  awkward  position,  due  to  the  faulty  design 
of  the  vessel. 

The  Papers  written  on  this  subject  generally  arrived  at  the 
conclusion,  which  was  well  put  by  the  Author  at  the  close  of  the 
Paper  now  under  consideration,  that  one  must  have  confidence  in 
the  welder's  proficiency  and  his  integrity.  The  way  to  ensure  it 
was  by  some  systematic  way  of  making  tests  of  the  work  of  the 
operator,  so  that  he  would  acquire  confidence  in  his  work  and  at  the 
same  time  instil  into  the  responsible  authorities  that  confidence 
which  was  necessary  before  welding  was  applied  in  more  important 
fields  of  industry. 
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Mr.  C.  E.  Stromeyer  asked  which  part  corroded  more  rapidly — 
the  weld  itself  or  the  plate  adjoining  the  weld  ? 

The  Chairman  said  it  was  the  original  plate  rather  than  the 
added  material  of  the  weld. 

Mr.  S.  BoswELL  said  the  Paper  opened  up  a  question  which  had 
not  yet  been  grappled  with,  namely,  boiler  repairs.  These  were 
chiefly  in  his  mind  when  he  considered  the  questions  of  corrosion, 
grooving,  and  fractures.  An  electric  welding  plant  could  not  be 
placed  in  the  hands  of  a  working  boiler-maker,  nor  could  electric 
welders  be  mixed  up  with  the  other  men  in  a  boiler  shop.  Here 
came  in  what  seemed  to  him  a  very  great  inconsistency  on  the 
part  of  the  various  inspecting  offices.  In  any  new  structure  which 
had  to  carry  pressure,  they  would  not  allow  the  slightest  trace  of 
local  heating.  But  when  it  came  to  electric  welding,  they  got  local 
heating  intensified,  and  electric  welding  was  generally  required  at 
that  part  which  felt  the  strain.  This  strain  could  not  be  measured, 
but  it  was  known  to  be  present. 

Mention  had  been  made  by  the  Chairman  of  corrosion  being  seen 
along  the  edges  of  the  electric  weld  and  occasionally  on  the  weld 
metal  itself.  This  was  evidence  of  the  work  having  been  done  by 
a  handy  labourer  welder  who  had  not  the  slightest  knowledge  of 
metallurgy,  nor  yet  as  to  what  he  was  using.  The  consequence  was 
he  soldered  the  thing  together,  and  when  that  failed  and  the  boiler- 
maker  came  to  do  the  job,  they  found  trouble.  Sometimes  the 
metal  was  so  hard  that  a  chisel  would  not  touch  it. 

For  other  than  pressure  purposes,  electric  welding  was  no  doubt 
quite  the  thing,  but  in  his  opinion  it  was  not  in  a  satisfactory  state 
to  lay  before  the  public  for  making  anything  which  was  to  go  under 
internal  pressure.  For  instance,  one  found  leaky  seams  which  might 
be  due  to  a  defect  in  the  structure  or  to  some  fault  in  the  handling 
of  the  boiler.  The  so-called  electric  welder  came  and  simply  sealed 
up  the  seam.  In  a  very  short  time  it  broke  through  again,  but  the 
whole  thing  was  now  welded  in  one  solid  mass  and  the  two  plates 
could  not  be  separated  again  when  the  renewal  of  the  parts  was 
necessary,  due  to  the  defective  weld. 
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It  was  known  that  they  must  have  a  raw  metal  surface  to  work 
on,  but  some  of  the  younger  men  did  not  consider  that.  The 
consequence  was,  they  thought  nothing  of  filling  up  the  groove,  with 
the  result  that  after  the  boiler  had  been  working  two  or  three  weeks, 
the  filling  came  out  again.  As  an  expedient  to  keep  a  steam-boiler 
going  until  proper  material  could  be  prepared,  electric  welding 
might  be  and  was  being  done  by  an  expert,  but  it  was  not  a  permanent 
repair  where  riveted  seams  were  in  the  area.  He  would  be  very 
glad  indeed  if  he  could  feel  satisfied  that  the  electric  weld  for  all-round 
boiler  rej)airs  was  a  success,  but  he  had  not  yet  found  it  so — for 
instance,  down  the  narrows  in  a  boiler  on  the  water  side  where  they . 
had  4  inches  to  work  in.  Some  people  were  foolish  enough  to  think 
they  could  do  it  in  the  space  of  i  inches  when  a  man  could  not  even 
see  the  defective  part,  or  what  he  was  doing,  but  had  simply  to 
feel  his  way. 

With  regard  to  corrosion,  he  said  that  some  years  ago  he  made 
a  study  of  corrosion.  In  one  case  on  the  water  side,  he  found  the 
corrosion  following  the  line  of  flame  and  hottest  gases  rising  over  the 
bridge,  and  gradually  dying  ofi  as  it  got  away  from  the  firing  end. 
In  another  boiler,  the  colder  portions  were  similarly  affected  and 
the  hotter  portions  were  not.  They  used  the  same  feed-water,  but 
there  was  that  difference,  no  doubt  due  to  the  character  of  the 
metal. 

One  place  where  corrosion  could  very  often  be  found  in  a  boiler 
was  in  front  of  the  mud- hole.  In  the  seating  of  the  boiler  was  always 
a  spot  in  which  the  deposit  accumulated.  Sometimes  the  pitting 
was  allowed  to  go  too  long,  and  then  a  hole  had  to  be  drilled  through 
the  pitting  and  a  rivet  put  in.  But  if  it  were  properly  cleaned,  the 
pitting  could  be  filled  up  to  the  original  thickness  by  welding. 
As  regards  the  testing,  he  failed  to  see  how  an  efficient  test  could  be 
made  that  would  be  of  use  in  boiler  repairs.  A  boiler  in  use  was 
a  living  thing,  continuously  breathing  and  changing  its  conditions  to 
meet  the  varying  conditions  of  heat  pressure  or  tension  thousands  of 
times  per  day.  His  remarks  on  welding  had  reference  to  pressure 
boilers  only. 
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Mr.  C.  E.  Stromeyer,  O.B.E.,  observed  that  the  welds  being 
occasionally  very  hard  might  be  explained  by  what  happened  in 
connexion  with  one  of  the  specimens  in  the  Museum  of  the 
Manchester  Steam  Users'  Association.  A  firm  of  welders  suggested 
that  some  leakages  of  the  tube-ends  in  a  locomotive  boiler  could  be 
repaired  by  having  the  circumferences  welded.  In  order  to  show 
that  this  could  be  done,  a  sample  tube-plate  and  tubes  were  prepared 
and  the  tube-ends  welded.  On  trying  to' saw  through  them,  narrow 
zones  of  very  hard  metal  were  met.  This  was  due  to  having 
accidentally  used  a  piece  of  hard  steel  for  the  tube-plate,  the  molten 
steel  becoming  hardened  by  contact  with  the  body  of  the  plate, 
which  was  relatively  cold. 

One  trouble  about  welds  was  due,  he  believed,  to  patentees  who 
could  find  no  better  protection  than  by  attaching  superlative 
importance  to  the  quality  and  amount  of  their  special  flux,  w^hich, 
unfortunately  for  practice,  unless  it  was  carefully  pushed  away  by 
the  welder,  left  a  number  of  cavities  in  the  weld.  Some  welders 
merely  used  a  thin  coat  of  some  sort  of  whitewash  and  obtained 
excellent  results. 

His  own  position  with  regard  to  welds  was  that  engineers  did  not 
as  yet  know  much  about  them.  The  Manchester  Steam  Users' 
Association  had  asked  its  inspectors  to  take  special  notice  of  anything 
peculiar  about  electric  welds  of  old  standing  ;  perhaps  in  a  year 
or  two  they  might  get  information  for  and  against  welds,  but  as  yet 
they  did  not  know  whether  electric  welds  were  as  good  as  they 
professed  to  be  or  not.  Certainly  there  had  been  cases  of  plates 
cracking  which  had  been  welded,  and  if  that  was  due  to  the  weld 
it  was,  of  course,  a  serious  matter  ;  but  if  it  was  due  to  the  material 
used,  or  to  the  material  of  which  the  boiler  was  made,  the  matter 
was  not  so  serious,  because  they  might  then  get  over  the  difficulty 
by  using  good  welding  material  or  refusing  to  weld  plates  which 
were  unsuitable.  He  had  heard  from  one  welder  that  he  would  not 
weld  a  boiler  which  was  more  than  twenty  years  old,  but  as  a  matter 
of  fact  that  same  welder  had  welded  old  boilers  which  would  now 
have  to  be  watched.  There  seemed  to  be  indications  that  even  the 
best  Low  Moor  Iron  deteriorated  as  it  got  old.     He  did  not  feel 
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quite  sure  on  that  point,  but  if  it  could  be  shown  that  some  change 
which  took  place  in  the  material  affected  the  welding,  there  would 
be  something  to  be  said  against  welding  very  old  boilers. 

With  regard  to  the  proposed  tests,  he  did  not  think  they  helped 
one  out  of  practical  difficulties.  The  tests  which  were  made  in 
order  to  ascertain  whether  the  man  who  was  making  the  weld  was 
really  expert  were  of  little  more  value  than  passing  him  through  any 
other  examination.  A  man  might  make  a  good  specimen  for  testing 
purposes  and  yet  produce  a  very  bad  weld  in  practice.  About 
thirty-five  years  ago  he  was  sent  to  Holland  to  take  up  the  duties 
of  one  of  Lloyd's  Inspectors,  who  had  gone  away,  and  he  had  there 
to  deal  with  an  iron  boiler  whose  shel  plates  had  been  welded. 
Soon  after  his  arrival  it  had  to  be  tested,  when  one  of  the  seams 
leaked.  That  was  put  right  by  riveting  a  single  strap  over  the  weld. 
At  the  next  test  four  other  seams  leaked,  which  had  also  to  be 
covered  with  straps,  until  finally  all  the  seams  were  covered.  He 
was  quite  sure  that  boiler  ultimately  cost  much  more  than  if  it  had 
been  riveted  to  begin  with.  Doubtless,  in  this  case  the  welder  was 
an  expert,  but  a  shell  plate  was  clearly  too  much  for  him. 

A  point  in  the  Paper  which  interested  him  very  much  was  the 
fatigue  test,  but  the  formula  mentioned  in  the  Paper  was  not  to 
his  liking.  It  gave  no  fatigue  limit ;  it  was  a  continuous  curve. 
His  own  formula  started  with  a  fatigue  limit.  He  believed  that, 
especially  with  his  formula,  the  test  results  would  be  quite  simple  ; 
in  fact,  he  had  during  the  last  few  days  come  to  a  very  satisfactory 
conclusion  with  the  help  of  the  fatigue  formula  about  a  complicated 
fracture.  He  was  able  to  estimate  that  the  fatigue  stresses  were 
2  tons  in  excess  of  the  fatigue  limit,  and  all  that  w-as  necessary  was 
either  to  reduce  these  stresses  by  2  tons  or  use  a  stronger  material. 
His  formula  was  :  Stress  which  produces  fracture  at  the  Nth 
repetition  =  Fatigue  limit  plus  a  constant  times  the  fourth  root  of 
1,000,000  divided  by  N. 

S  =  F1+C  (lOVN)i. 

Mention  had  been  made  of  local  heating.  It  was  a  common 
charge  against  inspectors  that  they  objected  to  local  heating  and 
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yet  allowed  welding,  wMch  was  certainly  local  heating.  He  believed 
he  was  the  culprit  in  the  matter,  for  it  was  due  to  his  Paper  on  the 
Injurious  Effect  of  Working  Steel  at  a  Blue  Heat  (Inst.  C.E.,  1886, 
vol.  Ixxxiv,  page  114.)  that  the  practice  of  not  allowing  any  local 
heating  in  a  boiler  had  since  been  generally  adopted  ;  but  personally, 
he  had  never  felt  quite  sure  that  local  heating  would  invariably 
produce  brittleness.  He  had  certainly  seen  local  heating  carried 
out  in  boilers  which  did  not  result  in  failure,  and  now  that  we  were 
going  in  for  electric  welding  he  did  not  think  that  his  experiments 
made  thirty-five  years  ago  should  hamper  a  new  process.  He 
thought  it  very  desirable  that  welds  should  be  carefully  watched, 
as  they  would  be  watched  by  the  inspectors  of  his  Association,  and 
rules  for  the  future  should  be  based  on  this  new  experience.  No 
tests  would  ever  reveal  the  real  nature  of  every  part  of  an  extensive 
weld.  Tests  were  desirable  for  research  work,  but  when  the  research 
expanded  into  practical  applications,  it  was  as  a  rule  impossible  to 
deal  with  them  on  experimental  lines. 

Mr.  E.  F.  Lang  said  that  one  had  to  consider  not  only  the  question 
of  the  standardization  of  the  tests,  but  also  the  standardization  of 
each  kind  of  weld.  In  a  resistance  weld  the  metal  was  slowly 
brought  to  the  welding  temperature,  then  pressure  was  applied,  and 
when  the  two  bodies  intermingled  a  perfect  union  was  obtained. 
The  process  being  usually  applied  to  the  joining  of  similar  wrought 
or  rolled  iron  or  steel  sections,  they  thus  got  the  nearest  approach 
to  hand-welding,  in  which,  when  properly  done,  the  mechanical 
properties  of  the  parts  welded  were  well  maintained  throughout  the 
weld  itself. 

In  a  Paper  he  had  read  in  March  1918,  upon  the  subject  of  steel 
castings,  when  dealing  with  the  question  of  the  electric  welding  of 
steel  castings,  he  introduced  a  reference  to  some  experiments 
described  in  detail  in  a  Paper  by  Messrs.  Stanton  and  Pannell  before 
the  Institution  of  Civil  Engineers  in  1912,  which  showed  that  the 
mean  tensile  strength  of  hand- welded  iron  bars  was  89 '3  per  cent 
of  the  strength  of  the  original  bar,  and  that  the  percentage  in  the 
case  of  the  hand-welded  steel  was  81*6;    with  electrically  welded 
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iron  89-2,  and  with  electrically  welded  steel  03-4.  Joints  made  by 
the  oxy-acetylene  process  were  submitted  by  two  makers,  but  the 
results  obtained  were  not  comparable  with  those  obtained  by  hand 
or  electrically. 

It  would  be  seen  that  resistance  welding  stood  in  quite  another 
category  to  fusion  welding,  in  which  they  had  a  deposit  of  molten 
steel  without  any  work  upon  it,  the  weld,  therefore,  having  the 
structure  of  a  poor  quality  casting.  Personally,  he  thought  the 
instinct  to  suspect  any  kind  of  electric  welding — except,  perhaj)S, 
resistance  welding — was  really  a  very  sound  one.  After  all, 
materials  of  construction  were  subject  to  strict  specifications.  In 
the  case  of  plates  or  forgings  the  reduction  of  area  from  the  original 
ingot  represented  an  enormous  amount  of  work  put  upon  the 
material.  This  and  the  correct  working  temperatures  were  essential 
factors  for  obtaining  the  required  test  results.  Therefore,  one 
should  not  forget  that,  when  repairing  such  material  by  arc  welding, 
the  new  metal  thus  deposited  had  undergone  neither  work  nor 
treatment  and  was  no  better  than  ingot  metal,  in  fact  not  so  good,  as 
the  ingot  was  produced  from  perfectly  de-oxidized  and  homogeneous 
molten  metal,  whilst  it  was  very  difficult  to  maintain  good  melting 
conditions  with  the  electric  arc. 

The  human  factor  entered  more  into  arc  electric  welding  than 
into  any  other  workshop  process.  Good  welders  were  born  not 
made,  and  great  experience  was  necessary  before  the  welder  could 
produce  uniform  results  under  varying  conditions.  He  had  recently 
been  watching  some  experiments  with  covered  metal  electrodes  on 
work  for  which  it  was  claimed  that  such  electrodes  would  give  a 
better  result  than  the  Benardos  process.  Owing,  however,  to  the 
fact  that  the  operator  in  the  latter  case  was  more  experienced 
than  in  the  former  one,  the  Benardos  results  were  not  even  equalled 
by  the  other.  In  the  case  of  the  flux-covered  electrodes,  he  had 
noticed  the  trouble  referred  to  by  Mr.  Stromeyer,  that  the  operator 
could  not  keep  the  slag,  formed  by  the  flux,  from  solidifying  with 
the  metal,  although  the  flux  was  nominally  there  to  protect  the  metal 
from  oxidation  and  give  a  pure  deposit,  whereas  the  Benardos 
operator,  by  carefully  regulating  the  arc  struck  between  the  carbon 
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electrode  and  the  work,  had  been  able  to  melt  the  boiler-plate 
punchings,  which  provided  the  metal  for  the  filling  up,  in  a  reducing 
atmosphere,  and  got  a  clean  and  sound  deposit.  It  had,  however, 
to  be  remembered  that  under  the  most  favourable  conditions,  the 
metal  deposited  in  arc  welding  had  nothing  like  the  properties  of 
the  material  it  was  repairing  or  replacing  ;  and  in  all  cases  where  it 
was  proposed  to  rei:)air  or  reconstruct  or  build  up,  by  means  of 
electric  welding,  careful  consideration  should  be  given  as  to  the  part 
to  be  played  by  the  welded  portion,  on  the  principle  that  the 
strength  of  a  chain  was  its  weakest  link.  Wherever  possible,  all  work 
for  a  responsible  duty  that  had  been  electrically  welded  should  be 
heat-treated  to  remove  strains.  In  their  own  case,  all  steel  castings 
were  carefully  re-annealed  after  electric  welding,  should  this  have 
exceeded  the  mere  removal  of  surface  blemishes. 

]\Ir.  H.  Carrington  said  it  rather  surprised  him  that  the  Sankey 
bending  test  had  not  been  referred  to.  This  test  enabled  the  tensile 
strength  and  the  yield-point  to  be  obtained,  and  the  number  of 
bends  to  fracture,  as  well  as  the  work  done  to  fracture.  The  test 
seemed  to  combine  broadly  the  three  requirements  mentioned  in 
the  Paper,  namely,  the  tensile  test,  the  bending  test,  and  (to  some 
extent)  the  fatigue  test.  He  would  like  to  know  if  it  had  ever  been 
used  for  testing  welds.  Another  point  with  regard  to  the  Sankey 
test  was  that  it  gave  consistent  results  for  consistent  material,  that 
is  to  say,  if  tests  were  made  of  unwelded  mild  steel  which  had  been 
annealed,  the  results  would  be  consistent.  That  was  not  always 
the  case  with  other  tests,  for  instance,  the  Izod  impact  test  for  mild 
steel.  The  Sankey  test  was,  moreover,  a  cheap  test,  the  test-piece 
being  only  4  inches  long  and  |  inch  diameter,  and  information  could 
be  got  from  the  inspection  of  the  broken  piece  afterwards. 

There  was  one  other  point  with  regard  to  the  elongation  of  the 
tensile  test.  The  elongation  consisted  of  two  parts.  One  part  was 
proportionate  to  the  length  of  the  specimen  before  the  bar  began 
to  contract  and  break,  the  other  part  was  independent  of  the  length 
— the  local  extension  due  to  the  contraction.  In  other  words,  the 
relation  between  the  extension  and  the  length  was  linear.     It  was , 
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accordingly,  possible  to  separate  the  two  quantities,  namely,  the 
constant  extension  and  the  extension  proportional  to  the  length. 
Those  two,  in  conjunction  with  the  fact  as  to  whether  the  test-piece 
broke  at  the  weld  or  not,  would  yield  much  more  information  than 
the  simple  elongation  given  upon  one  length. 

Mr.  E.  M.  GiNDERS  said  he  had  heard  that  the  Home  Office,  in 
view  of  their  unsatisfactory  experience,  were  considering  the 
advisability  of  prohibiting  the  use  of  welded  vessels  for  pressure 
purposes.  He  thought  that  such  a  course  would  be  very  arbitrary, 
as  those  who  were  now  doing  excellent  work  of  the  character 
indicated  would  be  penalized  on  account  of  others  who  failed  to  do 
so.  It  was  quite  easy  to  prepare  nice  specimens  from  the  testing 
machine.  It  was  another  matter  altogether  when  they  came  to 
operate  upon  large  structures  when  heat  and  contraction  problems 
were  aggravated.  For  this  reason  the  testing  of  the  complete 
structure  should  receive  more  attention.  One  item  omitted  from 
the  Paper  in  this  connexion  was  the  question  of  breathing,  which 
should  be  taken  into  account.  There  should  be  no  articulation  of 
the  welded  joint,  to  which  Mr.  Adamson  had  drawn  attention.  The 
welded  joint  was  often  deficient  in  ductility;  on  this  account  it 
should  be  of  greater  cross-section  than  the  adjacent  material. 

Many  people  attempted  the  welding  of  large  structures  with 
inadequate  plant ;  in  other  cases  the  structures  themselves  were  of 
faulty  design.  These  were  two  prolific  sources  of  failure  which 
would  not  be  reached  if  we  relied  exclusively  upon  the  records  of 
test-pieces. 

Mr.  W.  M.  Jackson  said  that  for  many  years,  in  connexion  with 
his  business  as  a  manufacturer  of  compressed  oxygen,  he  had  been 
very  closely  associated  with  oxy-acetylene  welding.  It  was  about 
eighteen  years  since  the  first  experiments  were  made  at  the  British 
Oxygen  Company's  works  in  Manchester,  and  they  had  found  it 
impossible  to  hurry  on  the  development  of  the  application  of  this 
method  of  welding  owing  to  the  complete  absence  of  any  body  of 
trained  workmen.     They  also  found  it  was  difficult,  not  only  to 
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train  .workmen,  but  even  to  find  suitable  men  for  training, 
particularly  for  the  welding  of  iron.  He  supposed  the  cliief  reason 
for  this  was  the  peculiar  sensitiveness  of  iron  to  heat  treatment,  and 
the  readiness  with  which  its  chemical  and  physical  character  was 
altered  by  contact  with  the  various  gases  which  played  over  its 
molten  surface  under  the  flame  of  the  blowpipe  or  the  arc.  These 
difficulties,  of  course,  made  a  very  heavy  call  upon  the  operator. 
They  were  therefore  led  to  consider  very  seriously  the  question  of 
training  welders,  and  some  years  ago  they  got  into  touch  with  the 
chief  technical  schools  in  England  and  Scotland  and  persuaded  them 
to  establish  classes  for  the  teaching  of  oxy-acetyleue  welding. 
They  offered  to  supply  the  schools  with  free  outfits  and  a  free  supply 
of  oxygen.  All  the  leading  colleges  established  those  classes,  and 
during  the  last  seven  or  eight  years  very  useful  work  had  been  done 
in  them  for  the  various  districts  which  they  served  and  for  the 
employers  of  this  class  of  labour. 

The  system  adopted  in  the  schools  was  based  on  one  which  they 
had  originally  worked  out  to  cover  a  course  of  theoretical  and 
practical  tuition  leading  up  to  examinations.  On  the  results  of  the 
examinations  which  were  held  by  the  college  officials  assisted  by 
external  examiners,  representing  employers  interested  in  the  subject, 
certificates  were  issued,  the  final  one  being  a  certificate  of  proficiency 
which  was  given  to  advanced  students  whose  welded  samples 
satisfied  a  series  of  exacting  tests,  chiefly  tensile  and  bending.  A 
number  of  the  tests  described  by  the  Author  were  already  in  use  in 
Manchester,  and  would  only  require  modification  or  extension  in 
order  to  cover  the  whole  field  of  testing  outlined  in  the  Paper. 

Seeing  that  the  subject  had  become  of  such  importance  to 
mechanical  engineers,  he  would  suggest  that  the  Institution  should 
associate  itself  in  some  way  with  the  Colleges  of  Technology  at 
Manchester  and  elsewhere,  and  be  represented  on  the  boards  of 
external  examiners.  The  colleges  might  then  arrange  to  issue 
certificates  of  proficiency  endorsed  on  behalf  of  the  Institution. 
This  would  increase  their  value  very  considerably.  It  would  also 
tend  further  to  popularize  and  standardize  the  classes. 

Another  suggestion  he  would  like  to  make  was  that  the  scope 
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of  the  teaching  in  Manchester  and  other  centres  might  be  extended  to 
electric  welding.  He  thought  that  engineers  who  were  interested 
in  electric  welding  might  assist  the  colleges  with  similar  help  to  that 
which  had  been  given  them  in  connexion  with  oxy-acetylene  welding. 
Generally  speaking,  the  only  guarantee  of  good  work  that  one  could 
have  was  that  it  had  been  done  by  a  reliable  welder.  In  the  case 
of  repeat  work  one  could,  to  a  certain  extent,  apply  tests,  commercial 
and  otherwise,  but  in  the  case  of  repair  work  it  was  quite  impossible 
to  do  that  without  destroying  the  work.  Even  if,  as  suggested  by 
the  Author,  a  sample  were  taken  from  one  point  in  a  weld  giving 
satisfactory  results,  there  might  yet  be  in  some  other  part  of  the 
weld  very  serious  flaws.  Standardization  of  welding  tests  was  very 
important  and  desirable,  but  standardization  of  the  welder  was  at 
present  an  even  more  urgent  requirement. 

Mr.  A.  H.  GooDGER  thought  it  was  doubtful  if  it  were 
necessary  as  yet  to  standardize  tests.  In  a  welded  vessel  made  to 
do  commercial  work,  one  could  hardly  apply  any  satisfactory  test 
without  destroying  it.  There  were  no  means  by  which  knowledge 
could  be  obtained  of  the  welds  without  cutting  them  out ;  so  it  was 
scarcely  necessary  as  yet  to  proceed  beyond  the  ordinary  tests  applied 
to  steel-plates,  boiler  and  riveted  joints — which  latter  were  quite  as 
difficult  to  test  as  welded  joints.  Such  tests  were  quite  good  enough 
for  commercial  welded  articles  at  present  without  going  to  extremes. 

The  bending  test  was  one  of  the  most  satisfactory  tests  for  oxy- 
acetylene  or  electric  welds.  One  could  learn  more  about  a  weld 
from  a  bending  test  than  from  any  other,  and  he  was  very  pleased 
with  the  appliance  which  was  described  for  making  it  in  a  standard 
manner.  He  had  been  forced  to  the  conclusion  that  in  many  cases 
bend  tests  adopted  were  unfair.  He  had  some  photographs  from 
makers  of  welding  material,  which  showed  no  bending  on  the  weld, 
but  the  plates  themselves  were  bent  into  a  circle.  That  was  not  a 
bend  test ;  a  bad  weld  would  give  a  good  "  bend  "  if  treated  that  way. 
It  would  be  a  good  plan  for  makers  of  testing-machines  fo  standardize 
something  like  the  rig  shown  in  the  Paper  for  fittings  to  ordinary 
standard  testing-machines. 
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He  did  not  think  there  were  enough  research  tests.  The  tests 
that  were  given  were  very  numerous  and  very  expensive,  but  at  the 
outset  it  w^as  not  desirable  to  standardize  and  restrict  research  tests. 
He  thought  one  or  two  tests  might  be  added.  First,  there  was  the 
hot-forge  test,  which  was  a  very  good  test  because  it  decided  whether 
there  was  any  red-shortness  in  the  weld.  The  majority  of  the 
electric  welds  he  had  come  across  had  been  red  short,  which  was  due 
to  more  or  less  oxidation  of  the  weld  metal,  even  when  flux-covered 
electrodes  were  used  ;  possibly  it  might  be  due  in  some  degree  to 
the  presence  of  nitride.  But  it  was  a  point  which  was  rather  vague  ; 
some  engineers  denied  that  there  was  nitride,  but  he  thought  it 
was  possible  to  have  it  in  a  weld.  A  photomicrograph  might  show 
there  was  apparently  no  oxide  present  at  all,  yet  the  weld  or  forging 
might  be  quite  "  dry  "  if  bent  or  forged  at  red  heat.  That  was  due 
to  the  fact  that,  in  the  passage  through  the  arc,  all  the  impurities 
of  the  steel  were  burned  out  and  the  resultant  metal  was  practically 
a  pure  iron. 

Chemical  tests  of  welds  which  had  been  made  with  Swedish  iron, 
or  any  soft  steel,  showed  that  the  weld  metal  had  a  percentage 
composition  of  about  0  "05  carbon,  0*1  manganese,  0  '02  phosphorus. 
Practically  everything  had  disappeared,  and  it  was  in  perfect 
condition  for  taking  up  oxide.  Pure  iron  which  was  free  from 
manganese  seemed  to  be  capable  of  dissolving  iron  oxide  and 
retaining  it  when  it  was  solid,  and  this  might  happen  in  one  of  the 
electric  welds  made  with  a  very  soft  steel.  To  pursue  that  further, 
he  made  various  tests  of  metals  of  varying  carbon  content,  and 
varying  manganese  content,  with  a  view  to  perfecting  some  electrodes 
that  he  was  working  on  at  the  time.  As  he  increased  the  amount  of 
manganese  and  of  carbon  in  the  electrode,  so  he  decreased  the 
"  dryness  "  of  the  weld  until  with  high  manganese  and  high  carbon 
the  weld  would  bend  quite  satisfactorily,  at  a  temperature  of  800°  C. 
But  the  higher  the  manganese  or  the  carbon,  the  more  difficult  the 
electrode  was  to  work  with.  He  came  to  the  conclusion  that 
between  those  limits  there  was  a  point  at  which  an  electrode  would 
give  the  best  all-round  results.  Therefore  a  hot  bend-test  should 
be  included  in  order  to  determine  whether  the  metal  was  red  short. 
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thus  indicating   a    bad    and  highly   oxidized   nature  of   the  weld 

metal. 

The  Author  said  (page  234)  "  In  the  case  of  a  weld  made  with 
metal  deposited  in  a  '  V,'  the  specimen  is  always  tested  with  the 
load  applied  to  the  side  of  the  specimen  which  shows  the  least 
fiUed-in  metal."  He  did  not  think  that  quite  good  practice,  as  it 
gave  the  weld  the  best  chance.  The  weld  was  most  likely  to  be 
imperfect  on  the  side  indicated,  because  the  welder  was  working  at 
the  bottom  of  the  groove.  Generally  the  bottom  of  the  weld  was 
the  least  filled,  and  was  the  most  defective  part  of  the  whole  weld. 
The  result  often  showed  that  there  was  an  incipient  fracture.  The 
best  thing  of  all  would  be  to  make  bend-tests  from  both  sides  of 
the  "  V."  One  found  very  different  results  with  different  current 
strengths  ;  there  was  no  doubt  that  welds  made  with  a  low  current 
did  not  give  as  good  results  as  those  made  with  a  high  current. 

The  chemical  tests  should  include  oxygen  and  nitrogen.  He 
must  admit  that  the  determination  of  oxygen  in  steel  was  difficult, 
and  that  opinion  differed  widely  on  the  matter  of  nitrogen,  yet  it 
probably  had  considerable  effect  in  arc  welds.  Did  standardization 
of  chemical  analyses  mean  that  it  had  to  be  up  to  a  certain  definite 
standard  every  time  in  regard  to  carbon,  silicon,  etc.  ?  His  own 
impression  was  that  the  most  suitable  electrode  for  electric  welding 
was  one  which  was  the  least  often  used.  The  majority  of  people 
liked  a  very  pure  material,  but  his  own  impression  was  that  it  was 
unsuitable  for  the  reasons  he  had  given. 

The  Author  stated  that  any  excess  metal  at  the  weld  should  be 
machined  off  tensile  test-pieces.  In  actual  work  the  weld  was 
seldom  machined  off.  Anyone  welding  a  piece  of  boiler  plate  would 
hardly  machine  the  excess  metal  off,  but  would  let  it  remain  there 
for  extra  strength.  Practically  all  work  was  subject  to  use  under 
conditions  of  no  machining,  and  therefore  the  tensile  test  in  order 
to  be  representative  must  repeat  the  conditions  and  have  the  excess 
metal  left  on  it.  "  Nicking  in  "  was  a  great  defect  in  electric 
welding,  and  often  produced  localization  of  stress  during  tensile 
test.  It  would  show  up  badly  on  an  unmachined  tensile  test-piece  if 
present,  but  would  be  removed  by  machining. 
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Many  engineers  seemed  doubtful  about  welds.  Recently  be 
had  had  carried  out  about  forty  tensile  tests  of  welds  on  bars, 
almost  like  the  standard  in  the  Paper,  by  a  welder  without  any 
particular  precautions,  and  in  no  case  did  the  result  come  out  lower 
than  25  tons  per  square  inch.  The  average  was  28  tons,  the  highest 
3]^  tons.  About  25  per  cent  of  the  bars  broke  outside  the  weld. 
Some  of  them  broke  in  the  weld,  but  in  very  few  cases  was  there 
anything  to  distinguish  between  the  result  when  it  broke  in  the  weld 
or  outside  the  weld,  except  from  the  point  of  view  of  elongation. 
He  agreed  with  the  Author  that  the  elongation  in  the  weld  was  of  • 
very  little  use,  because  one  got  there  a  complication  of  two  elongations. 
An  elongation  test  should  be  done  on  a  bar  made  entirely  of  weld 
metal.  The  method  of  cutting  strips  out  of  one  plate  for  testing  was 
undoubtedly  good,  and  was  one  that  he  had  employed  himself. 

Before  standardization  of  welds  became  an  accomplished  fact, 
the  right  thing  to  do  was  to  help  the  welder.  The  lines  to  go  on 
were  to  eliminate  the  difficulties  that  the  welder  worked  under,  give 
him  the  best  possible  apparatus  and  materials  which  would  make 
it  possible  for  him  to  make  good  welds,  even  if  he  were  a  trifle 
careless.  It  was  on  those  lines  that  development  would  take  place. 
He  himself  had  a  great  belief  in  electric  welding,  and  he  thought 
there  was  a  future  for  it.  He  considered  that  it  would  not  come 
through  testing  welds  or  through  the  actual  electrodes  used,  but 
rather  through  appliances  or  methods  which  would  eUminate  the 
need  for  the  constant  attention  on  the  part  of  the  worker,  which  he 
was  very  often  incapable  of  giving  for  long  periods.  Undoubtedly, 
at  the  present  moment  the  main  thing  in  electric  welding  was  the 
skill  of  the  welder.  For  testing  actual  work,  the  only  test  that  he 
could  suggest  was  a  drilling  test,  so  arranged  to  give  an  autographic 
time-penetration  curve,  thus  providing  a  sort  of  combined  hardness 
and  soundness  test.  Voids  would  readily  be  noted,  and  a 
comparison  could  be  made  between  the  metal  in  the  weld,  the 
overheated  base  metal,  and  the  unheated  plate. 

Mr.  T.  A.  Rich  said  the  firm,  of  which  he  had  been  the  manager  for 
a  great  number  of  years,  took  up  acetylene  welding  in  the  first  instance 
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for  repairs  to  boilers.  As  far  as  the  acetylene  welding  was  concerned, 
the  weld  itself  was  quite  in  order,  but  the  local  heating  gave  them 
trouble,  as  w^hen  contraction  took  place  a  crack  developed  frequently 
alongside  the  weld,  and  very  often  in  the  w^eld.  Therefore  they 
dispensed  with  the  acetylene  -welding  and  took  up  electric  arc 
welding  ten  years  ago.  During  the  first  twelve  months  he  had  to 
make  tests  on  his  own  account,  and  eventually  to  the  approval  of 
Lloyd's  ;  in  addition  he  had  got  ideas  from  America  and  Germany 
regarding  w' elding  and  flux  used,  principally  from  the  latter  country, 
the  flux  being  a  special  mixture  which  was  kept  secret.  All  his 
firm's  welding  work  on  boilers  was  tested  to  one  and  a  half  times  the 
boiler  pressure,  when  required  ;  and  they  obtained  90  per  cent 
tensile  stress  on  test-pieces. 

Mr.  William  H.  Patchell  said  the  remarks  of  Mr.  Rich  and 
Mr.  Jackson  were  very  much  to  the  point.  Evidently  both  had 
done  a  great  deal  of  testing,  and  if  they  would  state  what  their  tests 
had  been  they  would  help  in  settling  a  proposal  for  standard  tests. 
In  particular,  if  Mr.  Jackson  would  give  them  a  schedule  of  his  tests 
and  tell  them  something  about  the  results,  so  that  the  value  of  them 
could  be  ascertained,  that  would  be  absolutely  along  the  lines  that 
were  wanted. 

He  was  afraid  the  discussion  had  rather  drifted  into  the  question 
of  electric  welding  against  gas  welding.  They  were  out  to  test  every 
weld.  He  was  not  a  metallurgist,  and  it  was  difficult  to  say  where 
to  differentiate  between  the  effect  of  changes  which  went  on  in  steel 
chemically  and  the  changes  which  were  looked  upon  as  mechanical 
or  physical. 

Could  they  get  an  electric  weld  without  local  heating  'i  He  did 
not  think  that  was  possible.  They  must  heat  the  thing  that  w^s 
going  to  be  welded  ;  otherwise  the  weld  would  not  stick  ;  it  would 
fall  out  as  somebody  had  said,  like  a  half  marble.  They  had  had 
gas-welding  on  boilers  for  years,  but  the  electric  weld  had  not  been 
used  in  the  same  way  as  the  gas-weld.  He  did  not  know  that  Fox's 
flues  were  electrically  welded  now  ;  he  thought  they  were  all  gas- 
welded,  and  nobody  was  afraid  to  go  to  sea,  either  in  the  engine-room 
or  in  a  passenger  cabin,  behind  Fox's  flues. 
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Mr.  Carrington  bad  referred  to  the  Sankey  bendiiig-test.  Of 
course  they  could  not  expect  the  Author  to  be  as  familiar  with  the 
President's  test  as  they  themselves  were.  It  was  one  of  the  simplest 
and  cheapest  possible  tests,  and  he  had  no  doubt,  that  when  it  was 
better  known  there  would  be  more  confidence  in  it. 

Mr.  Ginders  said  he  had  learnt  that  the  Home  Office  had 
considered  the  advisability  of  prohibiting  welding  for  certain 
vessels.  He  did  not  know  to  what  extent  it  was  possible.  The  Steel 
Barrel  Co.  at  Uxbridge  did  an  enormous  amount  of  electric  welding 
for  pressure  vessels,  and  the  manager  of  those  works  read  a  very 
interesting  Paper  *  before  the  Institution. 

It  occurred  to  hihi  (Mr.  Patchell)  that  they  ought  to  get  some 
of  the  testing  people  to  deal  with  the  tension,  bending,  and  mechanical 
testing  of  the  welds.  The  Chairman  (Mr.  Adamson)  had  told  him 
that  he  could  supply  some  specimens  if  someone  could  be  got  to 
test  them.  The  Sted  Barrel  Co..  who  were  working  altogether  on 
thin  work,  would  have  thin  specimens,  and  if  anybody  did  a  little 
bit  in  that  way— those  who  were  working  thick  material  supplying 
some  and  those  who  worked  thin  material  supplying  others— they 
could  get  a  lot  of  useful  work  done  at  a  minimum  expense. 

A  vote  of  thanks  to  Mr.  Patchell  was  passed  unanimously. 


Coinmunications. 

■  Mr.  F.  Elstob  wrote  that  the  application  of  mechanical  tests 
must  of  necessity  be  severe  to  be  of  service,  and  the  danger  of 
permanent  and  undetected  injury  to  the  forging  was  great.  He 
thought  that  a  careful  inspection  was  preferable,  if  carried  out  by 
an  expert  welding  smith,  as  was  the  practice  in  the  North  of  England 
thirty  years  ago.  The  welding  of  important  engine  pieces,  such  as 
connecting  and  eccentric  rods,  were  executed  by  quite  a  Umited 
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number  of  specialized  and  trustworthy  smiths,  who  were  looked 
upon  as  welding  experts,  and  failures  were  very  rare.  The  process 
of  inspection  was  as  follows  : — After  completing  the  job,  the  welded 
portion  was  reheated  to  a  good  red  heat  about  800°  C,  and  a  small 
quantity  of  water  was  poured  on,  causing  local  cooling.  The  return 
to  full  redness  was  closely  watched.  Any  fault  in  the  weld  due  to 
the  presence  of  oxide  or  canity  interfered  with  the  conductivity  of 
the  iron,  and  caused  the  return  to  redness  to  be  retarded  over  an 
area  immediately  over  and  corresponding  with  the  fault ;  faults 
which  did  not  extend  to  the  surface  were  detectable  by  this  method. 
The  application  of  water  was  repeated  at  numerous  points  around 
the  weld ;  in  some  instances  the  parts  would  be  roughly  machined 
before  applying  the  test. 

Sir  Henry  Fowler,  K.B.E.  (Member  of  Council),  wrote  that  he 
quite  agreed  with  the  Author  when  he  stated  that  the  field  of 
aj^iDlication  of  welding  had  expanded  very  greatly  during  recent  years, 
and  it  was  therefore  high  time  that  the  fullest  possible  investigation 
should  be  made  with  reference  thereto.  Further,  he  was  satisfied  that 
engineers  in  this  country  were  deeply  indebted  to  the  Bureau  of 
"Welding,  established  by  the  American  Welding  Society,  for  the  steps 
taken  towards  the  standardization  not  only  of  the  various  phases 
of  welding,  but  of  the  details  of  the  inspection  and  testing  thereof. 

He  would  like  to  support  the  Author's  contention  that,  in  order 
to  arrive  at  the  true  quality  of  a  weld,  it  was  necessary  to  form  a 
comparison  with  the  base  or  parent  metal.  The  importance  of  this 
was  surely  very  obvious,  and  yet  in  actual  practice  the  point  was 
very  often  overlooked.  As  a  matter  of  fact,  several  samples  'of 
fl-eiding  had  been  submitted  to  the  writer  quite  recently  by  outside 
contractors,  in  connexion  with  which  it  was  possible  to  make  tests 
of  the  welds,  but  no  provision  whatever  for  testing  the  base  or  parent 
metal  was  allowed.  He  regretted  to  say  that  one  such  sample  came 
from  America,  and  he  appreciated  very  much  that,  in  addition  to 
suggesting  chemical  analysis  and  mechanical  tests  of  such  material, 
the  Author  had  provided  for  the  microstructure  of  both  the  weld  and 
parent  metal  to  be  ascertained.     This  was  most  important,  inasmuch 
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as  it  was  surely  possible  to  produce  a  structure  through  the  process 
of  welding  which  was  quite  undesirable.  He  was  also  pleased  to 
notice  that,  in  dealing  with  the  standard  procedure  in  the  mechanical 
testing  of  welds,  the  Author  stated  that  any  excess  metal  at  the 
weld  should  be  removed  "  so  that  the  cross-section  area  throughout 
the  reduced  section  is  constant."  He  could  well  believe  this  was 
a  point  w^hich  might  be  opposed  by  some  of  the  firms  who  had 
brought  out  special  welding  processes,  but  in  Ms  opinion  the  Author's 
contention  was  perfectly  legitimate.  He  suggested,  however,  in 
dealing  with  the  recording  of  the  yield-point  in  tensile  tests  of  welds, 
which  was  certainly  most  important,  that  it  was  now  possible  to 
improve  on  the  Author's  suggestion  that  such  a  value  was  to  be 
taken  by  the  "  drop  of  the  beam  "  method  or  with  dividers.  No 
feature  of  a  tensile  test  was  more  important  than  this,  and  probably 
no  other  point  in  the  commercial  recording  of  such  a  test  was  so 
unreliable,  whereas  by  using  a  very  simple  extensometer  like  the 
"  Buckton-Kennedy  " — with  which  it  was  possible  to  register  the 
elongation  of  a  test-bar  to  O'OOl  of  an  inch — one  had  at  once  a 
faithful  record  and  an  instrument  which  was  most  readily  attached 
and  detached  from  the  test  specimen. 

With  regard  to  the  inspection  of  welds  in  structures,  it  was 
common  knowledge  that  in  many  instances  the  operation  of  welding 
was  carried  out  upon  material  in  the  way  of  repairing  the  same, 
such  articles  as  the  following  coming  within  that  category  from  a 
locomotive  engineer's  standpoint  : — Engine  and  tender-frame  plates, 
buffer  beams,  steel  gussets,  and  splasher  plates  and  angles,  and  in 
these  cases  it  was  of  course  quite  impossible  to  carry  out  the  tests 
previously  suggested.  The  human  element  thus  became  the 
predominating  factor,  and  anything  that  could  be  done  in  the 
suggested  direction  as  to  a  standardized  test  for  the  proficiency  of 
men  engaged  on  such  work  would  surely  be  to  the  good  of  all 
concerned. 

Mr.  Thomas  T.  Heaton  wrote  he  had  noted  in  the  discussion 
that  Brig.-General  Bagnall-Wild  stated  that  the  testing  of  welds  had 
never  been  thoroughly  discussed  in  England.     He  presumed  that 
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General  Bagnall-Wild  was  occupied  in  connexion  with  the  concluding 
arrangements  connected  with  the  War,  or  he  would  have  had  an 
opportunity  of  reading  the  writer's  own  Paper  on  Elecbric  Welding  * 
read  before  the  Institution.  In  that  Paper,  under  the  head 
"  Testing,"  this  question  was  fairly  fully  discussed  and  a  number  of 
suggestions  made  for  carrying  out  tests,  both  for  the  purpose  of 
discovering  the  amount  of  skill  used  by  the  welder  and  for  the 
purpose  of  discovering  the  strengths  and  soundness  of  welds 
themselves ;  and  illustrations  of  apparatus  were  exhibited  for 
specially  testing  the  skill  of  the  welders,  some  of  which  were  very 
similar  to  those  described  by  Mr.  Farmer.  He  thought  it  was  a 
very  serious  omission  from  Mr.  Farmer's  Paper  that  there  was  no 
suggestion  as  to  what,  in  the  writer's  opinion,  was  the  real  necessity 
of  the  matter,  namely,  the  testing  of  welds  in  order  to  prove  their 
value  in  work  of  a  constructional  nature,  and  to  ensure  that  they 
were  adequate  for  the  purpose. 

He  (Mr.  Heaton)  had  had  experience  of  cases  in  which  a  skilled 
welder  had  been  employed  to  do  certain  work,  and  had  proved  that 
he  was  capable  of  doing  it  effectually,  but,  w^hen  called  upon  to 
repeat  it  on  a  large  scale,  had  failed  to  produce  good  welds.  It 
was  all  very  well  to  employ  a  skilled  welder  who  might  be  proved  to 
be  so,  biit,  unless  his  work  was  properly  tested  after  completion, 
there  was  no  guarantee  against  carelessness  or  loss  of  attention, 
and  this  was  where  electric  welding  might  show  weakness.  It  would 
be  of  great  value  if  standard  tests  could  be  devised  for  all  kinds  of 
welded  joints.  The  number  and  variety  of  joints,  however,  was  so 
great  that  it  would  be  far  from  easy  to  specify  standard  tests.  There 
was  no  doubt  that  tests  were  required  for  all  welds,  and  he  thought 
tliey  should  be  standardized  as  far  as  possible.  Probably  a 
committee  of  engineers,  consisting  to  a  considerable  extent  of  those 
practising  electric,  welding,  might  produce  something  effective  in 
this  direction. 

Mr.  F.  C.  HiBBERD  wrote  that,  as  the  Author  rightly  pointed  out, 
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the  present  basis  comparison  of  strength  was  between  that  of  a 
welded  joint  and  the  parent  metal.  The  writer  recently  had  an 
opportunity  of  carrpng  out  certain  tests  on  welded  plates  from 
^  inch  to  1  inch  thick  inclusive,  and  the  average  tensile  efficiency 
of  the  welded  joints  was  about  97  per  cent,  showing  that  the 
welding  art  had  already  arrived  at  a  stage  at  which  a  welded  joint 
could  be  made  practically  as  strong  as  that  of  the  unjointed  metal. 
In  a  Paper  read  before  this  Institution  by  Dr.  W.  H.  Hatfield,*  the 
question  was  raised  as  to  the  value  of  various  tests  now  more  or 
less  recognized  as  standards  for  obtaining  knowledge  of  the  physical 
characteristics  of  steel.     Dr.  Hatfield's  conclusions  were  : — 

(1)  That  all  different  forms  of  tests  which  have  been  devised  for  the 
mechanical  testing  of  steel  bring  out  some  information  of  interest.  The 
information,  however,  derived  from  any  particular  test  needs  carefully 
considering  by  the  engineer  in  relation  to  the  kind  of  work  which  he  is 
calling  upon  his  part  to  do. 

(4)  The  tensile  test  is  fundamental,  the  other  forms  of  mechanical 
testing  being  auxiliary  and  useful  in  their  way  for  supplementing  our 
knowledge  of  steels  when  required  for  specific  purposes. 

Seeing  that  in  the  present  stage  of  the  welding  *art  our  object 
was  to  achieve  physical  characteristics  exactly  similar  to  those  of 
the  unwelded  metal,  surely  the  above  remarks  applied  equally  to 
welded  metals.  In  the  latter  case,  however,  the  human  element 
was  ever  present  in  a  marked  degree,  and  there  was  but  little  doubt 
that  in  addition  to  any  standardized  system  of  testing,  such 
preliminary  precautions  as  the  training  and  examination  of  welders, 
and  a  regular  examination  of  their  work  whilst  in  progress  was  of 
paramount  importance. 

The  importance  of  metallographic  records  could  not  be 
exaggerated,  and  whilst  the  Author  was  quite  correct  in  specifying 
that  such  shall  find  a  regular  place  in  his  proposed  "  Eesearch 
Standard,"  it  would  appear  that  if  only  as  a  check  upon  the  work 
of  the  operator,  they  should  also  find  a  place  in  his  proposed 
'■  Commercial  Standard,"'  and  even  in  his  "  Shop  Standard  "  also. 
The  writer  would  suggest  that  such  records  should  be  made  at 
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450  diameters,  as  it  was  doubtful  whether  the  proposed  photographs 
at  100  diameters  only  would  reveal  all  defects.  Figs.  13-16,  Plate  15, 
illustrating  welds  taken  at  450  diameters,  would  show  the  advantages 
of  the  greater  magnification,  and  they  also  served  to  show  the  degree 
of  skill  of  the  operator  and  the  correct  analysis  of  the  electrode 
material. 

Tlie  question  of  the  analysis  of  the  electrode  had  already  become 
a  matter  of  metallurgical  study.  Briefly,  assuming  that  the  object 
of  welding  was  to  produce  a  joint  showing  the  same  characteristics 
as  the  parent  metal,  it  was  obvious  that  a  suitable  electrode  was 
composed  of  the  same  elements  as  that  of  the  metal  to  be  welded, 
with  an  excess  of  those  elements  which  were  partly  burnt  out  during 
the  welding  process.  From  this  it  followed  that  the  Author's 
suggestion  that,  in  the  future,  welds  might  be  produced  having 
inherent  characteristics  such  that  welds  might  be  introduced  into 
a  structure  for  the  sake  of  acquiring  these  characteristics,  was 
quite  within  the  region  of  practical  possibiUty ;  in  fact  such  results 
could  already  be  produced  without  difficulty  if  required. 

In  cases  ^here  parts  were  subjected  to  alternating  expansion 
and  contraction,  for  example,  boilers,  the  fatigue  test  referred  to  by 
the  Author  was  of  the  utmost  value  ;  welded  specimens  had  been 
known  to  stand  ten  million  revolutions  in  a  machine  similar  to  that 
illustrated  and  described  by  the  Author.- 

Mr.  E.  H.  Jones  wrote  that  the  standardization  of  tests  in 
connexion  with  welds  was  desirable,  but  such  tests  should  include 
some  form  of  shock  test.  In  the  early  days,  welders  found  difficulty 
in  avoiding  brittle  welds,  and  although  these  welds  might  give  very 
good  results  when  subjected  to  a  tensile  test,  yet  they  failed  very 
readily  under  a  shock  or  bending  test.  The  Author's  suggestion 
that  the  workshop  test  should  be  a  bending  one  was  very  good,  for 
if  a  weld  would  stand  a  good  bending  test,  it  was  certain  to  give  good 
results  with  all  other  tests.  As  a  good  rough  and  ready  test,  nothing 
could  excel  the  breaking  of  a  specimen  along  the  line  of  the  weld  by 
holding  it  in  a  vice  and  hammering  the  free  end.  The  resulting 
fracture  would  give  the  expert  welder  practically  all  the  information 
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he  required,  and  such  a  test  would  also  give  the  inexpert  welder 
information  which  would  generally  cure  his  self-esteem.  For  the 
testing  of  welds  in  situ,  the  use  of  a  fine  driU  would  assist  in 
demonstrating  whether  a  sufficient  body,  of  satisfactory  metal 
existed  in  the  weld.  The  fine  holes  drilled  could  very  easily  be 
opened  out  with  the  arc  and  welded  up  afterwards. 

Lloyd's  Register  were  to  be  heartily  commended  for  the  steps 
they  had  taken  to  ensure  that  the  materials  used  either  for  the 
construction  or  repair  of  vessels  built  or  repaired  under  their 
regulations  were  of  a  satisfactory  quaUty.  Their  approval  \artually 
placed  a  hall-mark  upon  material  approved  by  them,  and  such 
approved  material  could  be  used  with  every  confidence  ;  and  if  the 
welder  possessed  the  necessary  degree  of  skill,  there  was  very  little 
risk  of  the  welded  work  being  unsatisfactory.  Every  new  industry 
had  difficulty  due  to  inexperienced  workmen,  and  there  w^ere 
unfortunately  many  men  claiming  to  be  welders  who  were  unfit  to 
carry  out  such  work,  and  it  seemed  very  important  that  the  w^orkmen 
should  be  tested  as  well  as  the-  work. 

llr.  H.  Ogden  wrote  that  the  standard  tests  suggested 
by  the  Author  were  not,  in  his  opinion,  the  most  ser\dceable.  In 
ordinary  shop  practice  the  simple  bending  test,  occasionally  varied 
wdth  a  tensile  test  or  some  novel  test,  served  to  make  welders  of  the 
right  stamp  keen  on  their  work,  and  the  shop  standard  should  not  be 
limited  to  any  one  test.  A  novel  shop  test  recently  carried  out  by 
the  British  Arc  Welding  Co.  took  the  form  of  making  a  11-inch 
welded  cylinder  of  |-inch  boiler-plate,  also  welding  on  dished  ends. 
The  cylinder  had  withstood  a  hydraulic  pressure  of  4,500  lb.  per 
square  inch  without  fractiire,  showing  that  the  welder  put  in  good 
work.  This  pressure  represented  a  stress  of  22  tons  to  the  square 
inch,  or  thereabouts,  across  the  longitudinal  seam. 

With  regard  to  the  Standard  commercial  tests,. Lloyd's  Register 
had  instituted  the  first  Standard  commercial  tests  for  firms  intending 
to  apply  arc  welding  to  shipbuilding.  He  was  of  opinion  that 
Lloyd's  set  of  tests  was  more  useful  than  the  set  proposed  by  the 
Author.     The  chief  points  of  divergence  were  that  Lloyd's  omitted 
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the  bending  test  and  included  an  impact  test,  a  test  of  built-up 
material,,  and  tensile  tests  of  300  tons  specimen  welds,  besides  other 
non-mechanical  tests. 

With  regard  to  the  bending  test  applied  to  welds,  the  information 
given  was  of  doubtful  value,  just  in  the  same  way  as  the  percentage 
of  elongation  in  a  tensile  test.  The  whole  of  the  bending  was  often 
taken  by  the  plate  adjacent  to  the  weld.  If,  however,  special  notes 
were  made  of  the  amount  of  bend  actually  *aken  by  the  weld,  this 
test  would  be  of  more  value.  He  was  distinctly  in  favour  of  testing 
the  weld  with  the  bottom  of  the  V  towards  the  actuating  block. 
This  gave  the  more  rigorous  test  of  the  tw^o  alternatives.  One  of  the 
speakers  at  the  Meeting  disagreed  with  this  point  on  the  grounds 
that  welders  were  in  the  habit  of  leaving  voids  at  the  apex  of  the  V. 
Such  a  thing  was  unpardonable.  He  thought  that  an  impact  test 
gave  more  useful  information  than  a  static  bending  test.  A  large 
300-ton  tensile  test-piece  should  give  the  same  relative  result  as  the 
smaller  one  described  by  the  Author. 

With  regard  to  the  research  standard,  he  felt  inclined  to  let 
research  look  after  itself.  Eesearch  could  not  be  standardized,  and 
it  should  not  be  shackled  with  even  a  limited  degree  of  standardization. 
He  noted,  however,  that  the  Author  did  not  include  X-ray  photos 
of  welds  in  his  scheme.  These  would  yield  very  valuable  information 
relative  to  the  soundness  of  the  weld,  which  could  only  be  obtained 
in  other  ways  by  the  most  laborious  process  of  slowly  destroying  the 
weld.  Further,  the  weld  after  being  X-rayed  could  be  tested  in  any 
selected  test. 

With  regard  to  the  standardization  of  welders,  in  this  country 
individual  lines  were  generally  preferred,  with  the  result  that  each 
works  developed  its  own  system  of  securing  good  welders  and  good 
work.  Within  such  works,  some  standardized  system  of  inspection 
might  prove  effective,  whereas  in  other  works  with  a  different 
personnel  the  same  system  might  break  down. 

Mr.  K.  J.  A.  Pearson  wrote  that,  in  any  system  of  testing,  it 
would  be  necessary  to  regard  the  welding  operations  under  one 
or  other   of    six   headings:    (1)  Gas   welding  (oxy-acetylene)  ;   (2) 
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Welding  by  cailioii  arc  ;  (3)  Welding  by  quasi  arc  ;  (4)  Butt  welding  ; 
(5)  Spot  welding  ;  and  (6)  Continuous  strip  welding.  Of  the  above, 
in  the  first  three  the  heat  was  produced  either  by  a  gas-flame  or  an 
arc-flame.  In  the  last  three  the  heat  was  produced  by  resistance  to 
a  heavy  electric  current  at  low  voltage.  The  temperature  to  which 
the  material  was  raised,  and  the  extent  of  the  area  affected,  would 
vary  in  accordance  with  which  of  the  above  systems  had  been 
employed  for  effecting  the  weld.  A  definition  of  the  process  was 
therefore  essential. 

The  Author  had  not  enlarged  on  the  use  of  welding  for  effecting 
repairs  ;  in  practice  this  was  carried  out  on  a  large  scale,  especially 
on  steel  castings.  The  welding  of  steel  castings,  which  were  subject 
to  ofl&cial  inspection,  had  always  given  rise  to  controversy  and 
differences  of  opinion,  but  in  many  instances  was  the  only  course 
possible  for  saving  an  expensive  steel  casting.  Welding  was  now 
used  for  effecting  joints  which  had  to  withstand  high  steam-pressiu'es, 
and  the  experience  of  some  large  boilermakers  was  available  in 
support  of  the  safety  of  this  procedure . 

With  regard  to  the  standardization  of  welders,  any  such  grading 
would  have  to  be  based  on  the  nature  of  the  work  they  WTre  capable 
of  and  required  to  do.  Of  the  welding  carried  out  to-day,  90  per  cent 
could  be  quite  easily  learned  by  a  handy  labourer  in  a  few  weeks' 
time,  but  natural  aptitude  and  months  of  training  were  required  for 
carrying  out  welds  on  boiler  joints  to  withstand  high  pressure 
successfully,  though  here  again  experience  seemed  to  show  that  the 
handy  labourer  was  the  best  raw  material  for  training  up  to  these 
duties. 

Mr.  G.  H.  Roberts,  C.B.E.,  wrote  that  he  realized  the  difficulties 
in  the  way  of  standardization,  largely  due  in  his  opinion  to  the  fact 
that  a  weld,  truly  considered  was  not  exactly  an  entity  in  the  sense 
that  any  one  of  a  batch  was  necessarily  identical  ^dth  any  other  as 
regards  its  principal  characteristics  and  properties.  In  speaking  of 
the  standardization  of  certain  classes  of  steel,  for  example,  one  might 
be  fairly  sure  that  with  reasonable  care  any  one  of,  say,  a  dozen  test- 
bars  cut  from  the  samples  produced  under  like  conditions  would  be 
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fairly  certain  to  have  similar  properties,  but  any  one  weld  out  of  a 
dozen  might  reveal  properties  vastly  different  from  the  remainder, 
owing  to  slight  and  usually  accidental  differences  in  the  method  of 
production. 

The  Author  (page  226)  referred  to  the  differences  in  details  of 
procedure  in  the  making  of  tests  as  having  caused  such  widely 
divergent  results  that  comparisons  were  freqiiently  impossible. 
The  writer  considered  that  this  was  an  extremely  important  point 
and  one  that  many  others  encountered  frequently  when  attempting 
to  compare  work  done  by  researchers  and  experimenters  in  different 
parts  of  the  world.  The  Author  said  (page  227)  that ''  sometime  in 
the  future,  processes  may  be  developed  which  will  produce  welds 
having  inherent  characteristics,  such  that  welds  may  be  introduced 
into  a  structure  for  the  sake  of  acquiring  these  characteristics." 
The  writer  found  some  difficulty  in  apprehending  exactly  the 
Author's  meaning  in  this  case,  and  he  could  not  imagine  any 
circumstances  in  which  a  weld  would  be  so  introduced. 

The  Author  proposed  (page  229)  under  Section  C  (2)  to  deposit 
ingots  of  filled-in  metal  in  a  base  metal  mould,  etc.  ;  the  writer  again 
felt  some  difficulty  in  apprehending  the  exact  meaning  or  intention 
in  this  case. 

The  Author  proposed  (page  231)  a  standardized  form  of  test-piece, 
but  the  writer  regretted  to  see  that  this  did  not  comply  with  the 
standards  laid  down  by  the  British  Engineering  Standards 
Association,  standards  which,  as  was  well  known,  had  already 
been  widely  adopted  in  this  country  and  elsewhere.  Adoption 
of  the  American  standard  would  tend  to  bring  about  the 
difficulty  to  which  the  Author  himself  had  pre\dously  referred  on 
page  226. 

On  page  232,  the  Author  suggested  "the  rate  of  movement  of  the 
cross-head  of  the  testing  machine  should  not  exceed  that  at  which 
the  beam  can  be  kept  accurately  balanced  at  all  times,"  It  was 
well  known  that  considerable  differences,  particularly  of  elongation, 
might  result  from  different  speeds  of  straining,  and  as  this  was  again 
largely  dependent  upon  the  particular  type  of  testing  machine  in 
use,  constriction  in  the  supply  pipes,  etc.,  he  would  like  to  suggest 


Feb.   1[>21.  STANDARDIZATION'    OF    TESTING    WELDS.  285 

a  limiting  speed  of  so  many  inches  per  minute,  the  actual  figure  to 
be  a  matter  for  discussion. 

The  Author  (page  234)  spoke  of  noting  the  instant  the  first  crack 
aj)peared  in  the  specimen  whilst  being  bent.  No  doubt  he  was 
speaking  from  actual  experience,  but  the  writer,  from  his  own 
experience  and  examination  of  considerable  numbers  of  welded 
specimens  under  bend  test,  was  of  the  opinion  that  this  exact 
instant  was  not  always  easy  of  determination,  as  the  first  "  crack  " 
w^as  not  infrequently  merely  a  slight  uplifting  of  the  edge  of  the 
scarf  or  weld. 

The  method  of  obtaining  samples  for  the  special  testing  machine 
was  described  (page  239),  but  the  writer  imagined  that  there  would 
be  a  considerable  variation  in  the  results  obtained,  ha\4ng  regard 
to  the  fact  that  no  definite  proportion  of  '"  weld  metal  '"  to  '"  base 
metal  "'  was  laid  down.  In  connexion  with  the  use  of  this  particular 
form  of  testing  machine,  it  would  be  of  interest  to  know  whether 
the  Author,  or  Professor  Moore,  or  anyone  else,  had  taken 
observations  of  the  local  heating,  or  the  variation  of  electrical 
resistance  during  the  course  of  a  test,  as  it  would  appear  not 
improbable  that  there  might  be  some  connexion  between  the 
condition  of  the  weld  and  these  two  quantities. 

Barba's  Law  was  quoted  (page  242)  as  "  the  ratio  of  the  gauge 
length  to  the  square  root  of  the  area  should  be  a  constant."  The 
writer  thought  that  this  was  hardly  the  form  in  which  M.  Barba 
had  propoimded  Ms  law,  which  was  rather  a  statement  that  "  the 
deformations  of  homologous — that  is,  similar — test-bars,  are  similar," 
but  the  form  now  stated  by  the  Author  was  merely  a  derivative 
of  this,  and  for  many  purposes  a  more  convenient  one.  The  writer 
regretted  to  see  lower  down  on  page  242  that  the  Author  suggested 

vet  another  value  of  the  constant  —j-  and  failed  to  see  why  the 

V  a 

constant  hitherto  adopted  of  either  4  or  8  or  11*3  in  the  metric 

system  could  not  have  been  adopted  and  so  rendered  the  results 

and  investigations  more  easily  comparable. 

The  writer  considered  that  the  '"  inspection  and  tests  of  welds  in 

structures  '"  (page  244)  was  perhaps  the  most  important  point  in 
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the  Paper.  He  was  himself  interested  in  tlie  welding  of  such 
structures  as  steam-boilers,  where  no  amount  of  testing  of  samples 
could  guarantee  that  a  good  job  had  been  made  of  the  welding  of  the 
actual  boiler  itself.  The  ordinary  methods  of  examination  were  not 
of  juuch  use,  nor  was  hydraulic  testing. 

Mr.  C.  Humphrey  Wingfield  was  heartily  in  agreement  with 
the  Author  as  to  the  desirability  of  standardizing  reliable  methods 
of  testing  welded  joints  ;  more  especially  those  in  actual  structures, 
as,  owing  to  their  great  liability  to  extreme  want  of  homogeneity, 
there  was  no  guarantee,  and  indeed  little  likelihood,  of  "  test- 
welds  "  made  separately  being  at  all  representative  of  the  quality 
of  a  particular  welded  joint.  He  doubted  whether  a  responsible 
engineer  would  generally  be  willing  to  allow  a  piece  of  a  welded  joint 
to  be  scooped  out — cheese-taster  fashion — as  was  suggested  (page  244), 
apparently  in  all  seriousness.  Even  if  the  result  of  such  a  test  were 
excellent,  it  might  in  no  way  represent  the  general  condition  of  the 
joint.  Notwithstanding  the  conclusion  of  the  Committee  described 
on  page  244,  he  felt  that  the  only  practical  test  in  actual  structures 
would  be  some  development  of  the  induction,  electrical  resistance  or 
magnetic  methods.  (Since  he  described  two  of  these,*  a  British 
patent  had  been  granted  to  a  German  inventor  for  a  modification 
of  the  "  Hughes  "  balance,  in  which  a  specially  constructed  horse- 
shoe magnet  was  passed  along  a  bar  containing  a  weld  or  fault : 
this  combined  the  Hughes  and  Saxby  methods.) 

With  reference  to  "  test  welds,"  which  were  no  doubt  of  use  in 
the  laboratory  for  ascertaining  the  welding  qualities  of  different 
kinds  of  steel  and  the  best  conditions  for  welding  them,  he  felt  thafc, 
until  Professor  H.  F.  Moore's  opinion  (page  242)  received  independent 
confirmation,  it  was  preferable  to  conform  as  far  as  possible  with 
Barba's  law  of  similarity  :  and,  with  this  in  view,  he  asked  whether 
there  was  any  objection  to  making  "  E,  "  (in  Fig.  2)=  2t  and  "  W  " 
=  ^\t  ?  For  the  |-inch  plates,  which  he  understood  were  the  only 
ones  yet  tried,  this  would  involve  no  alteration,  while  the  proportions 

*  Proc.  Inst.C.E.,  vol.  Ixxxviii,  pages  54,  55. 
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would  remain  coii.stant  for  other  sizes.  He  did  not  know  whether 
the  "standard  flexure  formula  "  referred  to  near  the  bottom  of  page 
234  was 

Stress  =  1-5  X  Load  x  ^'^^^"""^  ^^*^T"  ^'^PP"'^^^^  p"''^^^' 

but  this  was  inapplicable  where  the  stress,  as  in  this  case,  exceeded 
the  elastic  limit.  ('"  W,"  of  course,  was  not  the  distance  between 
supported  points,  which  would  have  to  be  measured  for  each  test.) 
The  fact  that  the  fracture  always  occurred  at  the  load-bearings 
showed  that  it  depended  on  the  machine  rather  than  on  the  specimen, 
and  the  diameter  should  invariably  be  reduced  as  described  on 
page  240.  While  agreeing  that  a  number  of  small  specimens  had  the 
advantage  (claimed  on  the  same  page)  of  determining  the  degree  of 
uniformity  of  a  long  w^eld,  he  wished  to  emphasize  the  point  that 
this  degree  might  be  entirely  different  on  another  joint  made  under 
similar  conditions,  and  was  therefore  no  indication^ of  its  value.  He 
would  like  to  point  out  the  advantage  of  averaging  such  a  series 
of  tests  by  some  such  method  as  the  one  which  he  had  de\'ised  and 
published  in  Engineering*  as  this  eliminated  abnormal  results, 
which  would  otherwise  influence  the  conclusion  arrived  at. 

Mr.  F.  M.  Farmer  wrote  that  he  was  very  appreciative  of 
the  reception  extended  to  his  Paper.  Its  primary  purpose  was  to 
elicit  opinions  on  the  general  proposition  of  standardization  and 
particularly  on  some  of  the  suggestions  put  forward.  Apparently 
this  purpose  had  been  accomplished,  because  much  of  the  discussion 
was  of  a  constructive  character  and  would  contribute  very  definitely 
toward  the  ultimate  accomplishment  of  standardization  in  this 
direction. 

The  remarks  of  most  of  the  speakers  did  not  appear  to  call  for 
a  direct  response.  However,  two  points  w-ere  raised  to  which 
reference  should  be  made.  One  was  the  suggestion  made  by  a 
number  of  speakers  that  some  form  of  impact  test  should  be  included 
in  the  proposed  schedules.     The  Author  was  inclined  to  agree  with 

*  Engineering,  vol.  civ,  page  226. 
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this  view,  and  since  the  Paper  was  prepared  there  had  been  some 
discussion  in  the  United  States  of  a  form  of  impact  test  which 
would  be  applicable  as  a  commercial  standard  and  possibly  also  as 
a  shop  standard  ;  it  seemed  highly  probable  that  ultimately  such 
a  test  would  be  devised. 

The  other  matter  was  the  apparent  failure  to  recognize  the  work 
of  Messrs.  Abell  and  Heaton.  The  Author  was  quite  well  aware 
that  these  gentlemen,  as  well  as  many  other  distinguished  English 
engineers,  had  done  a  great  deal  of  work  in  this  particular  field, 
work  which  was  recognized  as  having  contributed  very  greatly  to 
the  advance  of  the  wielding  art.  As  the  Paper  was  primarily  of  a 
general  character  and  did  not  purport  to  propose  anything  that  was 
specially  new  or  novel,  it  did  not  seem  necessary  to  refer  individually 
to  the  many  developments  in  the  testing  of  welds  which  formed  the 
basis  of  many  of  the  standard  tests  recommended  by  the  Author  in 
his  various  proposed  schedules. 
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J  0 I  X  T     MEETING     OF 

^'bc  Institutioit  ai  Ulccbanical  (Engineers 


WITH  THE 


SocictiT  oi  (iTbcmical  ^(ubustrn. 


PROCEEDINGS. 


4th  JIaech  1921. 


A  JoixT  Meeting  of  The  Institution  of  Mechanical  Engineers 
with  The  Society  of  Chemical  Industry  was  held  at  The  Institution, 
London,  on  Friday,  -Ith  March  1921,  at  Six  o'clock  p.m. ;  Captain 
H,  RiALL  Sankey,  C.B.,  C.B.E.,  R.E.  (ret.)  President,  was  in  the 
Chair,  supported  by  Sir  William  Pope,  K.B.E.,  F.R.S.,  President 
of  The  Society  of  Chemical  Industry. 

The  President  remarked  on  the  nature  of  the  Meeting,  because 
it  was  a  Joint  Meeting  between  this  Institution  and  the  Society 
of  Chemical  Industry.  He  was  glad  to  announce  that  Sir  William 
Pope,  the  President  of  that  Society,  and  several  important  members 
of  the  Society  were  present.  JNI.  Paul  Kestner,  the  Author  of  the 
Paper,  was  the  President  and  Founder  of  the  Society  of  Chemical 
Industry  in  France.  He  was  a  very  weU-known  French  Chemist 
and  an  Engineer,  who  had  done  much  work  in  connexion  with 
sugar  refining,  multiple  evaporators,  and  other  matters  of  a  similar 
nature. 

D 
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The  following  Paper  was  read  : — 

"  Degassing  and  Purification  of  Boiler  Feed- Water  "  ;    by 
Paul  Kestner,  of  Paris. 


The  Meeting  terminated  at  Eight  o'clock.     The  attendance  was 
168,  including  50  Members  of  the  Society  of  Chemical  Industry. 
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DEGASSING  AND  PUEIFICATION  OF  BOILER 
FEED-WATER. 


By  Paul  KESTNER,  op  Paris. 


How  to  feed  boilers  with  water  "and  to  enable  them  to  run 
for  long  periods  under  steam  without  scale  or  corrosion  is  the 
problem  which  becomes  more  urgent  every  day,  and  further,  it  is 
a  problem  on  which  a  great  economy  of  fuel  and  material  depends. 
It  is  certain  that  a  large  number  of  technical  men  have  already 
attacked  the  problem — frequently  with  considerable  success,  but 
never  with  complete  success.  The  old  lime  and  soda  purifying 
apparatus,  of  very  large  dimensions,  has  been  gradually  replaced 
by  apparatus  of  a  much  smaller  size  in  which,  thanks  to  the 
arrangements  which  will  be  discussed,  the  rate  at  which  purification 
is  efiected  has  been  increased.  Lately,  purification  has  been  done  by 
heating,  which  has  accelerated  the  process.  In  spite  of  these  efiorts, 
some  kinds  of  water  have  proved  refractory  to  treatment ;  after 
addition  of  lime  and  soda,  when  raised  to  high  temperatures,  they 
have  stiU  given  rise  to  scale  in  the  boilers.  A  process  which  has 
been  effective  with  one  kind  of  water  has  given  only  indifferent 
results  when  used  with  another  water.  Another  process  which  has 
eUminated  all  calcareous  salts  from  the  water  has,  in  some  boilers 
produced  a  concentrated  solution  of  soda.  Perfect  purification  is 
rarely  obtained. 

There  is,  however,  a  process  which  ensures  the  prevention  of 
the  formation  of  mud  and  incrustation  in  boilers.     This  process, 

V  2 


292 


PURIFICATION   OF    BOILER    FEED-WATER. 


March  1921. 


which  is  that  of  continuous  blowing-down,  will  be  considered  in 
this  Paper.  It  is  necessarily  used  in  conjunction  with  the  hot 
purification  process,  and  the  combination  constitutes  a  complete 
method  of  treating  the  boiler  feed-water. 

Purification  at  High  Temperature. — It  is  unnecessary  to  recall 
the  advantages  of  feeding  boilers  with  hot  water.  In  addition  to 
those  advantages  due  to  the  thermal  side  of  the  question,  there 


Fig.  1. 

Czirves  showing  Reduction  in  Time  required  for  the  same  Eeactions 
in  Hot  and  Cold  Liqiiids. 
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are  those  produced  by  the  reduced  solubility  of  gases  in  water 
at  high  temperatures,  as  will  be  shown.  Purification  at  ordinary 
temperatures,  whether  by  the  use  of  soda  alone  or  lime  and  soda, 
requires  considerable  time,  owing  to  the  slowness  of  the  reaction 
and  the  fineness  of  the  precij)itate  formed,  which  settles  very  slowly. 
The  reduction  in  the  time  required  for  the  same  reactions  in  hot 
and  cold  liquid  is  shown  in  the  curves.  Fig.  1,  which  has  been 
taken  from  a  catalogue  published  by  Messrs.  Cochran  and  Co. 
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Ingenious  processes  have  been  invented  for  enabling  the  speed 
of  these  reactions  to  be  increased  and  to  hasten  precipitation  in 
cold  water.  This  consists  in  bubbling  through  the  sediment  in  the 
water  to  be  purified  after  the  addition  of  the  reagents.  Under  the 
influence  of  the  large  quantity  of  old  residues,  the  size  of  the  particles 
that  are  formed  increases  ;  the  small  particles  that  come  into 
existence  are  attracted  by  the  larger  ones  that  have  already  formed 
which  absorb  them,  and  this  precipitate,  which  consists  of  much 
coarser  material,  settles  very  much  more  rapidly.  Owing  to  the 
increased  speed  of  settling,  the  reagent  quickly  becomes  poor  in 
one  of  its  constituents,  and  the  equilibrium  of  the  reaction  is 
favourably  disturbed.  This  process  allows  the  rate  of  purification 
to  be  increased,  and  hence  the  dimensions  of  the  apparatus  can  be 
reduced ;  but,  on  the  other  hand,  a  difficulty  is  generally  introduced 
where  agitation  of  the  sediment  is  obtained  by  a  stream  of  water 
which  carries  air  with  it.  This  causes  a  considerable  increase  in  the 
amount  of  oxygen  contained  in  the  water  that  is  to  be  purified  ; 
under  the  conditions  met  with  in  practice  saturation  occurs  almost 
instantaneously  and  gives  rise  to  corrosion  in  boilers. 

In  any  process  for  softening  water,  a  rise  of  temperature  gives 
the  following  advantages  : — 

(1)  Increase  of  the  Speed  of  Beaction. — For  the  same  initial 
concentration,  equilibrium  is  obtained,  as  is  well  known,  more  rapidly 
at  higher  temperatures  than  at  the  temperature  of  the  air.  This 
follows  from  the  laws  of  Guldberg  and  "Wage,  Gibbs  and  Le  Chatelier, 
to  which  there  is  no  reason  to  refer  further.  We  need  only  mention 
that  at  the  temperature  of  absolute  zero,  i.e., — 273°  C.  reactions 
have  no  speed  at  all,  and  that  any  rise  of  temperature  increases 
the  speed  of  obtaining  equiUbrium  in  any  reaction.  In  the  case 
of  the  reactions  with  which  we  are  concerned,  and  which  are  of  the 
character  of  double  decomposition,  equilibrium  is  only  slightly 
affected  by  rise  of  temperature,  but  the  speed  at  which  it  is  obtained 
is  enormously  increased. 

(2)  Diminution  of  the  Viscosity  of  the  Water. — The  coefficients 
of  viscosity  decrease  very  rapidly  as  is  shown  by  the  following 
curve,  Fig.  2  (page  294). 
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Viscosity  is  tlie'cliief  resistance  which  is  opposed  on  the  one 
hand  to  molecular  attraction  of  the  particles  of  the  precipitate 
towards  each  other  in  the  formation  of  larger  aggregations,  and 
on  the  other  hand  to  the  settlement  of  the  particles  formed  from 
suspension  in  the  solution  in  which  the  precipitate  has  been  produced 
till  they  reach  the  bottom  of  the  containing  vessel.    The  coefficient 

Fig.  2. — Curves  sliowing  Rapid' Decreasetof  the  Coefficients  of  Viscosity. 
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of  viscosity  is  the  tangential  force  required  to  displace  an  unit 
area  at  unit  velocity  in  the  medium  under  consideration.  It  will 
be  seen,  therefore,  that  the  rate  of  forming  a  granular  precipitate 
depending  on  molecular  attraction  will,  other  things  being  equal, 
be  directly  proportional  to  the  coefficient  of  viscosity.  The  velocity 
of  falling  of  a  spherical  particle  having  a  density  greater  than  water 
will  be  given  by  Stokes's  formula. 


Map.CII  1021.  PURIFICATION    OP    BOILER    FEED-WATER.  295 

^         2      D-d 

^  =  9  •  -N-  •  i^  •  *■"' 

in  which  V  is  the  velocity,  D  the  density  of  the  particle,  d  the 
density  of  the  water,  g  the  acceleration  due  to  gravity,  r  the  radius 
of  the  particle,  and  N  the  coefficient  of  absolute  viscosity. 

If  we  examine  the  curve  of  coefficients  of  viscosity,  we  shall 
find  that  this  maximum  velocity  of  falling  will,  under  some 
conditions,  be  four  times  as  great  at  100°  C.  as  it  is  at  12-5°  C.  We 
may  therefore  deduce  that  the  deposition  of  a  "Sediment  will  be  four 
times  more  rapid  with  water  at  boiling  point,  and  that  the  volume 
of  the  purifier  may  be  reduced  in  the  same  proportion. 

(3)  Decomposition  of  the  Bicarhonates  of  the  Alkaline  Earths, — The 
direct  efEect  of  temperature  on  bicarbonates  of  the  alkaline  earths 
is  to  decompose  them  at  70°  C.  into  carbonic  acid  gas  and  the 
carbonates  of  the  alkaline  earths,  without  the  addition  of  any  reagent. 

(4)  The  Diminution  in  the  Solubility  of  Sulphate  of  Calcium. — 
Sulphate  of  calcium  becomes  reduced  at  higher  temperatures  and 
the  precipitation  of  part  of  this  salt  is  efiected  without  the 
intervention  of  chemical  reagents.  This  reduction  is  of  very 
slight  importance  in  the  process  using  continuous  blow-down,  just 
as  the  increase  of  solubility  of  calcium  carbonate  is  a  negligible 
factor.  "We  shall  see  later  why  these  facts  have  so  small  an 
influence  in  the  particular  case  under  consideration. 

Continuous  Blow-down. — When  a  boiler,  the  feed-water  for  which 
is  purified  by  any  method,  has  been  running  for  some  time,  all  the 
salts  carried  in  with  the  feed-water  are  concentrated  in  it.  These 
salts  are  only  alkaline  salts  when  the  water  has  been  thoroughly 
purified,  and  the  calcareous  sediment  of  the  water  has  been 
incompletely  purified.  In  general,  a  definite  amoimt  of  calcium 
carbonate  always  remains  in  solution  in  the  water.  When  the 
concentration  produced  by  evaporation  becomes  so  high  that, 
notwithstanding  the  rise  of  temperature,  this  carbonate  remains 
insoluble,  it  is  then  deposited  on  the  walls  of  the  boiler  and  in  the 
tubes  forming  incrustation,  which  is  the  harder  the  more  slowly  the 
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deposit,  is  made.  In  boilers  generating  steam  very  rapidly,  these 
deposits  are  formed  more  rapidly  than  in  slow  evaporation  boilers, 
and  notwithstanding  the  violent  circulation  of  the  water,  sediment 
may  accumulate  in  the  tubes.  These  sediments  give  rise  to 
overheating  and  to  very  hard  incrustation. 

To  avoid  these  difficulties,  in  actual  practice,  the  boiler  is  blown  off, 
that  is,  at  the  lowest  point  on  the  boiler  shell,  the  water  containing 
the  collected  mud  is  drawn  off  and  turned  into  the  drain.  This  water 
is  at  the  pressure  and  temperature  of  the  boiler,  and,  in  blowing 
off,  a  large  quantity  of  heat  is  lost.  To  be  effective,'  blowing 
ofi  must  take  place  to  the  extent  of  a  large  actual  quantity 
of  water,  though  the  amoimt  is  small  in  proportion  to  the  total 
contents  of  the  boiler.  Continuous  blow-down  allows  these  calories 
to  be  saved.  Instead  of  sending  the  blow-off  direct  into  the  drain 
a  relatively  small  quantity  is  caused  to  leave  the  boiler  continuously 
from  its  lowest  point.  This  water  cools  in  giving  up  its  calories 
to  the  feed-water  in  a  feed-water  heater  of  ordinary  pattern  ;  the 
mud  is  deposited  in  a  trap  ;  it  loses  in  cooling  a  certain  proportion 
of  the  salts  which  had  been  retained  in  solution  owing  to  the  high 
temperature  of  the  liquid.  Then,  the  salts  which  would  cause 
incrustation,  mud  and  deposit  having  been  collected  and  removed, 
the  liquid  is  mixed  with  the  feed-water  and  returns  into  the  boiler. 
It  will  thus  be  seen  that  there  is  no  loss  of  calories  due  to  the  blow- 
off,  and  that  neither  deposition  nor  scale  can  be  caused  in  the  boiler. 
There  is,  however,  another  cleansing  operation  to  perform.  It  is 
the  removal  of  the  mud  deposit  at  the  blow-off  outside  the  boiler. 
This  removal  is  only  of  small  magnitude,  because  the  apparatus 
in  which  precipitation  takes  place  has  a  conical  bottom  suited  to 
this  purpose ;  and,  further,  the  water  in  it  is  not  under  pressure  ; 
it  removes  only  a  few  calories  because  the  blow-off  water  is 
at  this  moment  already  considerably  cooled.  This  small  amount 
of  extraction  at  low  temperature  completely  suffices  to  limit  the 
concentration  of  the  soluble  salts  before  danger  from  the  raising 
of  the  boiling  point  of  the  water  commences. 

If  the  boiler  has  been  blown  down  to  the  extent  of  20  per  cent 
of  its  contents  in  an  hour,  this  means  that  its  contents  are  renewed 
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every  five  hours.  This  is  impossible  to  efiect  by  any  other  process, 
and  it  ensures  the  elimination  of  all  mud  that  has  been  produced 
before  it  has  had  time  to  accumulate.  This  shows  the  great 
advantage  presented  by  the  process  of  continuous  blowing-down  in 
itself,  this  advantage  being  twofold  when  the  feed-water  is  purified 
by  means  of  soda ;  in  fact,  in  this  case,  the  calcareous  and  magnesium 
bicarbonates  contained  in  the  water  give,  by  double  decomposition 
with  sodium  carbonate,  sodium  bicarbonate  and  calcareous 
carbonates  according  to  the  reaction  :— 

(COs).,  Ca  Ho  +  CO3  Na2  =  2  CO3  Na  H  -f-  CO3  Ca. 

The  bicarbonate,  which  is  unstable  at  the  temperature  at  which 
the  purification  in  hot  water  takes  place,  decomposes,  at  any  rate 
partially,  giving  a  neutral  carbonate  and  carbonic  acid  gas,  according 
to  the  equation 

2  CO3  XaH  =  CO,  +  H.O  +  CO3  Na^. 

The  water  which  enters  the  boiler  contains,  therefore,  carbonate 
and  bicarbonate  of  soda.  These  salts  are  in  quantities  equivalent 
to  the  calcareous  salts  that  have  been  eliminated.  In  the  boiler 
the  bicarbonate  is  decomposed,  giving  a  carbonate,  as  has  been  seen 
above,  and  then  the  carbonate  in  its  turn  is  dissociated  in  the  presence 
of  water,  gi^nng  caustic  soda.  There  is  thus  another  reversible 
condition  of  equilibrium  in  functions  of  the  initial  concentration 
on  the  one  hand  and  of  the  temperature  on  the  otlier.  This  may  be 
represented  in  the  following  form  : — 

CO3  Nao  -f  HoO  =  2  Na  OH  -f  CD,. 

Thus  hydrolysis  gives  more  caustic  soda,  the  higher  the 
temperature. 

With  continuous  blowing-down,  water  containing  caustic 
soda  and  carbonate  of  soda  is  therefore  drawn  from  the  boiler. 
If  this  solution  be  mixed  with  untreated  water,  the  caustic  soda  and 
the  carbonate  they  contain  will  purify  the  water  ;  the  carbonate 
in  the  same  manner  as  previoiisly  mentioned,  and  the  caustic  soda 
in  the  following  manner  : — 

(COa)"  Ca  H2  +  2  Xa  0H  =  C03  Na^  +  2  H^O  +  CO3  Ca. 
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The  caustic  soda  reacts  on  tlje  calcium  bicarbonate  as  would 
calcium  oxide,  but  much  inore  rapidly.  New  products  will  then  be 
formed,  namely,  sodium  carbonate  and  bicarbonate,  which  will 
be  returned  to  the  boiler. 

If  the  quantity  of  blowing-down  is  calculated  in  such  a  manner 
that  it  brings  down  the  quantity  of  soda  necessary  in  a  given  time 
for  the  purification  of  the  water  entering  the  boiler  in  the  same  time, 
it  will  be  seen  that  it  will  not  be  necessary  to  add  any  carbonate  of 
soda  for  purification  of  the  temporary  hardness  of.  the  water.  A 
closed  circuit  will  be  formed  containing  a  certain  quantity  of  soda, 
which  will  never  be  exceeded.  The  soda  is  never  concentrated  in 
the  boiler,  because  no  fresh  soda  is  introduced.  The  concentration 
in  the  boiler  depends  on  the  proportion  of  blow-down  in  relation 
to  the  feed-water.  The  less  the  quantity  of  blow-down,  the  greater 
will  the  concentration  become,  so  that  the  same  quantity  of  salt 
will  be  contained  in  a  smaller  volume. 

It  is  therefore  of  the  greatest  importance  to  combine  purification 
by  soda  with  the  continuous  blow-down.  This  allows  of  more 
economical  use  of  the  chemical  reagents  necessary  for  freeing  the 
water  from  the  bicarbonates  of  the  alkaline  earths.  Consequently, 
owing  to  the  circulation  of  the  blow-down  through  the  purifier, 
there  is  a  blowing  through  the  deposit  favourable  to  drawing-off 
and  purification  at  high  temperature  by  using  the  calories  that  would 
be  thrown  away  in  the  drain  under  ordinary  methods  of  blowing-ofi. 
The  concentration  of  the  soda  in  the  boiler  is  limited,  and  neither 
deposit  nor  incrustation  can  be  produced.  The  consumption  of 
soda  is  reduced  to  that  necessary  for  the  decomposition  of  non- 
carbonates.  The  Author  has  devised  the  following  apparatus  using 
a  blow-down  on  the  preceding  principle,  Fig.  3. 

This  apparatus  consists  of  a  steam  separator  S  into  which  the 
blow-down  enters  in  the  form  of  a  mixture  of  steam  and  water. 
The  liquid  from  the  blow-down  falls  into  a  central  reservoir  P,  in 
which  it  gives  up  its  heat  to  the  water  surrounding  it  in  the  annular 
chamber  B,  into  which  it  is  decanted. 

The  steam  froni  the  blow-down  rises  in  the  reheater  E,  in  which 
it  reheats  the  feed-water,  which  loses   a   part   of   its  bicarbonate 
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Fig.  S.— Blow-down  A'p-pqratus  enabling  the  Thermal 
and  Chemical  Properties  to  be  saved.     (Kestner.) 
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owing  to  the  rise  of  temperature.  The  water  thus  heated  falls 
through  the  tube  T  and  mixes  with  the  blow-down  as  it  leaves 
the  central  chamber,  and  then  rises  in  the  annular  chamber  B,  in 
which  precipitation  and  settlement  take  place.  Reheated  by- 
admixture  with  the  blow-down,  as  well  as  by  exchange  of  heat  with 
the  central  vessel,  the  purified  water  passes  through  the  filter  and 
enters  the  boiler.  The  soda  is  distributed  in  the  apparatus  by- 
means  of  a  water-meter  J,  which  admits  it  in  proportion  to  the  new 
water  (make-up  feed).  The  valves  V  and  Vj-  allow  the  mud  to  be 
separated.  This  apparatus  enables  the  thermal  and  chemical 
properties  of  the  blow-down  to  be  utilized,  or,  in  other  words,  heat 
and  chemicals  are  saved. 

Position  of  the  Blow-down. — It  is  necessary  to  arrange  the  blow- 
down  at  the  lowest  possible  level  on  the  boiler  without  risk  of 
emptying  it.  A  simple  arrangement  is  recommended  by  which, 
when  the  water  of  the  boiler  falls  below  a  certain  level,  the  siphon 
action  of  the  blow-off  is  destroyed.  At  this  moment  steam  leaves 
by  the  inlet  and  calls  attention  by  sounding  a  whistle.  In  any  case 
it  is  impossible  to  empty  the  boiler  by  the  continuous  blow-down. 
Fig.  4. 

On  the  pipe  of  the  continuous  blow-down  and  the  outlet  from  the 
boiler,  a  reducing  valve  is  placed,  which  reduces  the  pressure  of  the 
blow-down  from  that  of  the  boiler  to  a  pressure  of  between  one  and 
two  kilogrammes  per  square  centimetre  (15  to  30  lb,  per  sq.  in.) 
before  it  enters  the  purifier.  In  order  to  allow  of  the  amount  of  the 
blow-down  being  regular,  a  meter  is  placed  at  the  outlet  of  the 
boiler  and  is  fitted  with  a  regulating  valve,  Figs.  5  and  6. 

Proportions  of  the  Bloiv-doivn. — The  proportions  of  the  blow-down 
are  calculated  according  to  the  temperature  to  be  maintained  in  the 
purifier.  It  is  always  desirable  that  the  temperature  at  which 
purification  is  effected  should  not  be  less  than  70°  C.  According  to 
the  working  pressure  of  the  boiler,  various  rates  of  blow-down  may 
be  used,  and  these  can  be  obtained  by  the  curves,  Fig.  7  (page  302). 
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Fig.  i.—Contintious  Blow-down.  ■__        ;   Fig.  5.—Regulatitig  Valve. 
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The  temperature  at  which  the  water  leaves  the  purifier,  although 
very  nearly  100°  C,  allows  of  the  use  of  an  econo miser,  as  has  been 
shown  by  recent  researches  in  France. 

Central  Stations  using  Distilled  Water. — It  has  just  been  shown 
how  the  system  of  continuous  blow-down  can  be  applied  to  a  boiler 


Fig.  7. — Ctirve  slwiving  Temperature  of  Water  leaving  Heater  Settler, 
( Water  Purification,) 

Pressure  in  lb.  per  sq.  inch  in  Boiler 
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using  purified  water.     A  case  offering  still  greater  interest  is  that  of 
central  stations  using  distilled  water. 

The  distilled  water  of  industrial  appliances  differs  greatly  from 
the  distilled  water  of  the  laboratory.  In  these  appliances,  it  is 
necessary  to  blow  down  the  boilers  as  a  concentration  of  the  boiler 
contents  arises,  due  to  the  entry  of  salts  through  accidcutul 
leakages  of  impure  water  in  the  condensating  plant ;  thus  the  water 
that  has  been  distilled  contains  numerous  soluble  salts,  present  in 
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smaller  proportions  than  in  purified  water,  but  by  no  means 
negligible.  The  following  relationship  is  found  to  exist  between  the 
water  in  the  boiler  and  the  water  of  distillation : — 


Total  solids    at  110°  C.  in  parts   per\ 
1,000,000 / 

Total  solids  at  400°  C.  in   parts   per\ 
1,000,000 j 

Organic  substances  in  parts  per  1,000,000 

SUico  SiOj  „         ,,         „ 

Oxides  of  iron  and   alumina  in   parts\ 
per  1,000,000    . 

Lime  CaO  in  parts  per  1,000,000 

Magnesia  MgO  ,,      „         „ 

Chlorine  ,,       ,,  ,, 

Sulphates  SO3    ,,       ,,  ,, 

Hardness  ,,       ,,         ,, 


Untreated 
Water. 

DistiUed 

Water. 

5,427 

26-4 

4,414 

8-4 

1,013 

18-4 

243 

1 

200 

3-2 

73 

2 

42-4 

1 

2,583-8 

Traces    1 

407 

0 

24 

0-54 

Proportion 
of  remain- 
ing Salts. 


0 
0 


In  boUers  using  distilled  water,  this  water  in  time  becomes  a 
fairly  concentrated  liquid.  Organic  matter — oils  and  grease 
particularly — is  present  in  considerable  quantity,  and  of  these 
only  a  small  quantity  is  necessary  to  produce  priming.  It  is, 
therefore,  necessary  to  avoid  this  concentration,  and  continuous 
blowing-down  is  consequently  applicable  in  this  case  also. 

Boilers  working  with  distilled  water  therefore  require  to  be 
blown-down  occasionally,  but,  owing  to  the  small  amount  of  salt  that 
they  contain,  it  is  useless  to  remove  a  large  quantity  of  liquid. 
These  boilers  are  consequently  blown-down  to  the  extent  of  1  or  2  per 
cent  only,  which  means  that  the  quantity  of  sahne  solution  is 
replaced  in  the  boiler  by  distilled  water.  By  this  method  the 
increase  in  the  quantity  of  dissolved  matter  is  necessarily  liitdted. 
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It  could  not,  for  example,  exceed  fifty  times  the  concentration  of  the 
distilled  water  taken  from  the  condenser,  in  the  case  of  a  boiler  blown 
down  to  the  extent  of  2  per  cent.  In  the  case  quoted  above,  this 
corresponds  to  a  dry  residue  of  1  •  3  grm.  per  litre,  which  is  certainly 
not  negligible.  The  water  blown  down  is  of  no  special  interest  so 
far  as  its  chemical  composition  is  concerned  ;  but  it  is  hot  water 
which  enters  the  distiUing  apparatus  without  loss  of  its  calories. 

Even  when  an  evaporator  is  used,  the  continuous  blowing-down 
method  can  be  adopted.  A  certain  amount  of  saline  or  impure 
water  can  be  drawn  from  the  boilers  and  passed  into  the 
evaporator  ;  this  latter  returns  it  to  the  boiler  after  it  has  been 
freed  of  the  greater  portion  of  its  salts.  It  will  be  seen  later  how 
the  simultaneous  use  of  continuous  blowing-down,  in  conjvmction 
\vith  degassing,  allows  of  the  establishment  of  a  complete  closed 
water  circuit  in  a  central  station  using  distilled  water. 

Experience  has  shown  that  boilers  fed  with  distilled  water  as 
well  as  those  fed  with  purified  water  are  liable  to  deterioration  due 
to  corrosion  of  the  plates.  The  interior  of  the  boiler,  which  is  smooth 
and  clean  when  put  to  work,  becomes  covered  in  places  with  a 
thin  coating  of  rust ;  the  small  patch  of  rust  increases  in  size  little 
by  little  ;  the  rust  forms  a  scale  of  somewhat  spongy  nature,  and 
when  the  boiler  is  put  ofi  work,  or  frequently  even  while  it  is  still 
at  work,  for  various  reasons  this  scale  ceases  to  adhere  to  the  plate 
and  falls  from  it.  In  its  place  there  is  formed  a  slight  depression, 
caused  by  the  disappearance  of  the  metal  which  has  entered  into 
combination  in  forming  rust ;  the  depression  becomes  again  rusty, 
and  eats  further  into  the  plate  by  repetition  of  the  process.  Some 
boilers,  after  having  been  a  certain  time  at  work,  have  their  plates 
pitted  all  over  so  that  they  recall  the  battered  and  dented  walls  of 
a  village  that  has  been  under  fire  during  the  war.  The  strength  of 
the  boiler  is  undermined,  and  it  becomes  necessary  to  renew  the 
damaged  plates,  or  even  the  whole  boiler. 

Although  the  commencement  of  corrosion  does  not  always 
become  visible,  it  is  nevertheless  the  cause  of  serious  damage  to 
boilers  and  shortens  their  life.  Owing  to  the  high  first  cost  of  a 
boiler,  an  important  economy  is  effected  by  extending  its  working 
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life    by  one    or   more    years.      This  can  be  done  by  preventing 
corrosion. 

The  Causes  of  Corrosion. — What  is  the  origin  of  corrosion  ? 
In  the  case  of  boilers  using  distilled  water  there  can  be  no  doubt. 
Oxidization  of  the  plate  can  only  be  produced  by  oxygen  dissolved 
in  the  feed-water  and  set  free  in  the  boiler.  When  the  rate  of 
evaporation  is  steady  and  the  boiler  is  in  regular  work,  the  dissolved 
air  is  released  at  those  portions  of  the  boiler  in  which  the  water  has 
not  reached  the  boiling  point,  or  where  the  circulation  is  sluggish. 
At  these  places  bubbles  are  formed  which  cling  to  the  surface, 
and  leave  their  oxygen  in  combination  in  the  form  of  rust.  There  is 
also  the  freeing  of  air-bubbles  at  the  water  level  when  the  rate  of 
evaporation  is  reduced.  It  is  well  known  that  intermittent  working 
is  the  most  destructive  cause  of  all. 

The  combination  that  takes  place  between  the  oxygen  and  the 
iron  can  be  explained  in  several  ways,  as  may  be  seen  by  reference 
to  the  work  of  Newton  Friend.*  The  usually  accejDted  theory  is 
that  oxygen,  in  the  presence  of  water  vapour,  combines  directly 
with  iron  according  to  the  following  reaction  : — 

2  Fe  -f  3  H2O  -f  3  0  =  2  Fe  (0H)3. 

Treadwell's  theory,   according  to   which  carbonic  gas  acts   as 
catalyzer,  is  also  interesting,  and  leads  to  the  same  result  : — 

Fe  +  CO,  -f  HoO  =  CO3  Fe  -f  H, 
2  COaFe  -h  3  H;0  -}-  0  =  2  Fe  (HO)^  +  2  CO2. 

It  is,  however,  to  be  noted  that  even  when  there  is  no  carbonic 
acid  gas,  so  far  as  our  methods  permit  its  presence  to  be  detected, 
rusting  occurs.  This  is  disputed  by  some  authorities,  but  whatever 
the  actual  process,  it  cannot  be  denied  that  oxygen  is  the  cause  of 
rust.  Numerous  electrical  theories  have  been  proposed  to  explain 
the  oxidization  of  iron.  These  are  not,  however,  appUcable  to  the 
caae  of  boilers  using  distilled  water,  where  electrolytic  action  is 


•  "  The  Corrosion  of  Steel  and  Iron." 
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ifunute  and  the  weakness  of  the  saline  solution  in  the  boilers  is 
unfavourable  to  the  production  of  local  currents. 

All   these   theories,  taken  individually,  appear  very  plausible 

Fig.  8. — Relation  hetiveen  Corrosive  Poiver  and  Concentration 
for  a  Number  of  Solutions. 
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and  might  form  the  subject  of  a  lengthy  chemical  investigation," 
into  which  it  is  not  proposed  to  enter,  as  it  is  of  academic  interest 
only. 

If  the  action  of  oxygen  is  obvious  and  well  known  in  boilers 
using  distilled  water,  it  is  not  so  clear  in  the  case  of  boilers  using 
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purified  water,  or  it  may  be  considered  less  important  on  the  ground 
that  the  concentration  of  salts,  obtained  under  this  system  of  working, 
forms  the  principal  factor  in  the  eating  away  of  the  plates.  This 
erroneous  view  depends  generally  on  an  incomplete  appreciation 
of  the  facts  ;  it  has,  moreover,  been  proved  that  although  highly 
concentrated  solutions  attack  the  gun- metal  fittings  more  severely, 
their  action  on  iron  is  greatly  reduced. 

If  we  examine  the  corrosive  efiect  of  saline  solutions,  we  find  that 
in  general  it  begins  by  increasing  in  proportion  to  the  strength  of 
concentration  up  to  a  critical  point  at  which  it  attains  a  maximum  ; 
the  effect  then  decreases  rapidly  as  the  concentration  proceeds. 
The  diagram,  Fig.  8,  shows  the  relation  between  corrosive  power 
and  concentration  for  a  number  of  solutions.  From  these  curves 
it  appears  that  there  is  a  certain  critical  concentration  which  must 
be  exceeded  in  working  boilers.  In  practice,  after  a  few  hours' 
work,  a  boiler  using  purified  water  will  have  already  attained  a 
concentration  fully  one  hundred  times  the  critical  amount. 
Concentrated  solutions  may,  therefore,  give  rise  to  a  higher  boiling 
point  to  priming,  and  to  the  deposition  of  crystals,  but  corrosion 
must  not  be  included  in  the  list. 

Electrical  action  may  have  some  influence  on  the  preceding. 
In  fact  stray  currents  may  find  suitable  conductivity  in  the  salt 
solutions,  but  boilers  are  not  made  of  a  single  piece  of  plate,  and  the 
interruptions  caused  by  the  joints  tend  to  localize  the  effects  of  the 
current.  Moreover,  it  appears  probable  that  if  currents  of  sufficiently 
high  voltage  existed,  they  would  soon  cause  serious  damage,  the 
only  remedy  for  which  would  be  the  adoption  of  insulation  of  the 
boiler.  Generally  the  boiler  seatings  are  very  dry  and  offer  no 
facility  for  the  passage  of  electric  currents.  It  may  happen  that 
galvanic  pairs  are  formed  between  parts  of  the  boiler  which  differ 
in  chemical  composition  or  physical  nature,  but  these  pairs  are 
generally  of  but  feeble  strength  and  their  electrolytic  effect  w^ould 
be  slight  and  confined  to  small  areas. 

There  is  still  the  question  of  electrolytic  dissociation.  This 
occurs  much  more  easily  in  a  dilute  than  in  a  concentrated  solution, 
which  confirms  the  previous  statement ;  in  general  it  is  of  much 
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less    importance    than    the    phenomena   to    which    corrosion    is 
attributed. 

Hydrolysis  may  have  much  more  important  effects.  A 
particularly  important  case,  and  the  best  known,  is  that  of  magnesium 
chloride,  which  gives  rise  to  the  production  of  hydrochloric  acid, 
and  is  liable  to  cause  indefinite  corrosion.  Magnesium  chloride  in 
the  presence  of  water  may  be  decomposed  into  magnesia  and 
hydrochloric  acid  which  attacks  the  plates  vigorously. 

MgCla  +  HoO  =  MgO  +  2  HCl. 

Fortunately  this  salt  only  occurs  occasionally,  and  is  sufficiently 
well  known  for  special  care  to  be  taken  where  the  feed- water  contains 
magnesium  chloride.  Acids  attack  the  plates,  but,  apart  from  the 
case  just  mentioned,  the  only  acid  found  in  boilers  is  the  carbonic 
acid  introduced  in  the  feed-water.  Carbonic  acid  alone  has  only 
feeble  action  on  iron  ;  in  the  laboratory  a  cold  concentrated  solution 
of  the  gas  produces  only  a  few  bubbles  of  hydrogen  on  a  piece  of 
iron  immersed  in  the  solution.  If,  however,  oxygen  is  present, 
the  metal  is  attacked  much  more  rapidly,  because  the  ferrous 
carbonate  formed  decomposes  into  rust  and  carbonic  acid  which 
recommences  the  action.  In  this  case  also  it  is  oxygen  that  produces 
the  corrosion. 

Oxygen  comes  into  play  still  further  when  the  water  contains 
salts  capable  of  combining  with  oxygen  and  forming  unstable 
oxygen-compounds  which  can  part  with  their  oxygen  to  form  other 
oxides.  Among  these  salts  some,  particularly  certain  oxychlorides, 
are  known  and  have  been  separated  ;  but  the  hypothesis,  that  certain 
oxy-salts  that  have  not  yet  been  separated  may  be  present,  afiords 
an  explanation  of  the  rajiid  eating  away  of  iron  by  sodium  chloride 
in  the  presence  of  air,  whereas  solutions  of  the  same  strength, 
absolutely  free  from  oxygen,  can  be  kept  in  contact  with  the  metal 
without  effecting  any  change  whatever. 

Thus  it  appears  that  it  is  the  solution  of  atmospheric  oxygen 
in  water  that  is  the  chief  cause  of  corrosion,  whether  the  feed  is 
distilled  water  or  purified  water.  This  is  supported  by  the  fact 
that  corrosion  is  often  more  serious  in  boilers  using  distilled  water, 
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in  which  dissolved  oxygen  can  be  the  only  agent,  than  in  boilers 
using  purified  water. 

The  remedy  therefore  appears  to  be  very  simple,  namely,  the 
elimination  of  the  dissolved  oxygen. 

Oxygen  in  Solution  in  the  Feed.  —  Atmospheric  air  (and 
therefore  the  oxygen  that  it  contains)  dissolves  in  water  almost 
instantaneously  up  to  the  point  of  saturation  for  the  particular 
temperature  and  pressure.  The  solubility  of  air  in  water  is 
proportional  to  the  pressure,  and  inversely  proportional  to  the 
temperature  ;  it  follows  Henry's  law  which,  though  approximate, 
is  very  nearly  true  for  the  case  of  air  mixed  with  a  gas  that  is  not 
very  soluble  in  water.  Each  of  these  gases  dissolves  in  proportion 
to  its  share  in  the  pressure,  as  though  alone  ;  thus  air  contains 
four  volumes  of  nitrogen  to  one  volume  of  oxygen ;  the  share  due 
to  the  nitrogen  is  0* 8  and  that  due  to  the  oxygen  is  0"  2. 

At  ordinary  temperatures  and  pressures  18  cm^-  of  pure  nitrogen 
and  35  cm^  of  pure  oxygen  form  saturated  solutions  with  1  litre 
of  water.    The  quantities  of  each  dissolved  from  air  are  therefore  : 

Nitrogen  :0-8xl8  =  U-4cm3. 
Oxygen:    0-2x35=  7-0  cm^. 

The  air  dissolved  in  water  will  therefore  contain,  roughly, 
33  per  cent  of  oxygen,  and  be  twice  as  rich  in  this  gas  as  atmospheric 
air.  Laboratory  tests  have  shown  that  the  quantity  of  oxygen 
dissolved  in  water  varies  slightly  with  the  nature  of  the  water  ; 
distilled  water  absorbs  more  than  fresh  water,  and  soft  water 
more  than  hard  water.  Distilled  water  absorbs  7*8  cm^  per  litre 
at  20°  C,  2-1  cm3  at  100°  C.  The  water  supply  of  Paris  contains 
6-06  cm^^  per  litre  at  20°  C,  4-3  at  55°  C.  and  2  cm^  at  100°  C. 

"When  water  is  heated,  supersaturation  occurs.  Xothing  is  given 
o2  up  to  a  temperature  of  75°  C.  at  which  bubbles  begin  to  form 
and  rise  until  boib'ng  takes  place,  when  the  bubbles  are  disengaged 
continuously.  Air  is  only  driven  ofi  continuously  when  the  water 
is  agitated  incessantly  from  the  commencement.  When  water  that 
has  been  boiled  is  cooled,  the  inverse  takes  place  ;  a  litre  of  water 


310 


PURIFICATION   OF    BOILER    FEED-WATER. 


March  1921. 


absorbs,  for  instance,  2-3  cm^  at  44°  C.  and  3  cm^  at  20°  C.  If  the 
water  is  agitated  in  air  the  false  state  of  equilibrium  is  disturbed, 
and  the  water  becomes  saturated  up  to  6  cm^  of  oxygen,  Fig.  9. 
The  straight  line  is  the  normal  solubility  obtained  when  the  water 
is  continuously  agitated,  and  the  curved  line  gives  the  contents  at 
different  temperatures  without  agitation. 

Thus  conditions  of  unstable  equilibrium  may  occur  which  cannot 
exist  when  the  liquid  is  agitated,  and  in  every  case  equilibrium  is 


Fig,  9. 
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obtained  for  the  particular  temperature  and  pressure  considered. 
If  water  is  contained  in  a  deep  vessel,  a  sample  taken  at  any  moment 
from  the  surface  contains  the  same  percentage  of  gases  as  a  sample 
taken  from  below  ;  the  difiusion  of  oxygen  in  water  is  extremely 
rapid.  The  area  of  the  surface  exposed  to  the  air  of  water  that  has 
been  boiled  has  an  influence  on  the  rate  of  absorption.  Thus  the 
water  resulting  If  rom  the  condensation  of  the  vapour  in  the  air 
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contains  4  cm^  of  oxygen  per  litre  at  60°  C.  The  same  quantity 
of  water  of  condensation  exposing  only  a  small  surface  to  the  air 
contains  only  3  cm^  of  oxygen  per  litre  at  the  same  temperature. 
According  to  Hohn,  the  surface  affects  the  rate  of  absorption  of 
the  oxygen,  as  is  shown  in  curves  I  and  II  obtained  with  a  surface  II 
(seven  times  that  of  the  surface  I),  Fig..  10. 


Fig.  10. 
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The  possibility  of  changing  the  air  also  has  an  influence.  If  the 
reservoir  is  closed,  but  not  hermetically,  the  oxygen  is  absorbed 
less  rapidly  than  it  could  be  from  the  open  air,  in  which  case 
saturation  would  be  almost  instantaneous,  owing  to  the  contact 
and  the  movement  of  the  water.  Hohn  gives  the  following  curves, 
Fig.  11. 
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Method  of  Obtaining  the  Oxygen  Content. — All  the  methods  of 
analysis  that  have  enabled  the  data  given  above  to  be  obtained 
and  the  determination  of  complete  absence  of  gas  have  been  made 
by  Max  Miiller's  method  in  which  certain  modifications  have  been 
made. 


Fig.  11. 
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General  Description. — The  water  is  collected  in  a  vessel  protected 
from  the  air.  Manganese  sulphate  is  dissolved  in  it,  and  by  the 
addition  of  sodium  hydrate  the  hydrate  of  manganese  monoxide 
is  precipitated  ;  this  absorbs  the  oxygen  contained  in  the  water, 
transforming  it  into  an  oxy-salt  and  the  dioxide.  This  is  treated 
with  hydrochloric  acid,  which  reacts  on  the  oxides  of  manganese, 
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giving  ofE  a  quantity  of  chlorine  equivalent  to  the  quantity  of 
oxygen  absorbed.  The  freed  sodium  chloride  reacts  on  potassium 
iodide  and  sets  free  the  equivalent  of  iodine.  Titration  by 
hyposulphite  of  soda  gives  the  quantity  of  iodine  and  enables 
the  equivalent  amount  of  oxygen  to  be  determined. 

Meiliod  of  Operation. — It  is  important,  when  it  is  a  question  of 
determining  the  quantity  of  oxygen  in  water  containing  but  little, 
to  avoid  any  contact  of  this  water  with  the  air.  For  this  it  is  only 
necessary  to  put  a  small  quantity  of  paraffin  at  the  bottom  of  the 
2-litre  flask  in  which  the  water  will  be  received  and  to  dip  the  tube 
bringing  the  water  below  its  surface.  Thus,  during  the  whole 
operation,  an  insulating  covering  will  be  provided  over  the  surface 
of  the  water. 

After  the  water  has  been  collected  in  the  flat-bottomed  2-litre 
flask,  1  gramme  of  sulphate  of  manganese  is  added  and  the 
neck  is  immediately  closed  with  a  rubber  stopper  fitted  with 
a  funnel  having  a  stop-cock  and  a  glass  tube  connected  by  a 
rubber  tube  to  another  glass  tube  of  larger  diameter,  carried  on 
a  stand. 

On  the  principle  of  connected  vessels,  it  is  possible,  by  raising 
or  lowering  the  tube,  to  change  the  pressure  in  the  flask  and  to 
cause  it  to  suck  in  liquid  contained  in  the  funnel  fitted  with  the 
stop-cock.  It  is  necessary  that  there  should  be  no  air  bubbles  in 
the  apparatus,  and  this  is  easily  attained  after  a  little  practice. 
When  the  sulphate  of  manganese  has  been  dissolved,  5  cm^  of 
sodium  hydrate  in  solution  is  introduced  through  the  funnel  of  the 
stop-cock  and  the  flask  is  shaken.  A  dirty  white  precipitate  is 
formed,  turning  more  or  less  yellow,  according  to  the  quantity  of 
oxygen  contained  in  the  water.  At  the  end  of  a  quarter  of  an  hour 
the  absorption  of  oxygen  is  complete. 

The  next  operation  is  to  introduce  2  cm^  of  solution  of  50  per 
cent  of  iodide  of  potassium  free  from  iodate  through  the  funnel 
fitted  with  the  stop-cock,  and  then  to  add  20  cm^  of  concentrated 
hydrochloric  acid.  The  flask  is  shaken  until  the  precipitate  has 
dissolved  ;  the  liquid  takes  a  yellow  colour,  darker  as  the  quantity 
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of  iodide  freed  is  greater.  The  flask  is  then  emptied  into  a  bath 
and  the  iodine  determined  by  titration. 

The  most  practical  method  consists  in  preparing  a  standard 
solution  of  iodine  containing  22*74  grammes  per  litre;  that  is, 
of  such  strength  that  a  cubic  centimetre  corresponds  to  a  cubic 
centimetre  of  oxygen.  A  solution  of  hyposulphite  is  prepared  of 
such  strength  that  it  corresponds  practically  volume  for  volume 
with  the  solution  of  iodine.  The  number  N  of  cubic  centimetres 
of  this  solution  corresponding  to  20  cm^  of  iodine  is  determined 
experimentally.  To  the  solution  of  iodine  contained  in  the  bath 
N  cm^  of  hyposulphite  is  added,  and  then  a  small  amount  of  starch, 
and  the  iodine  is  titrated  again  until  a  permanent  blue  colour  is 
obtained.  Let  N  be  the  number  of  cubic  centimetres  of  iodine  added. 
The  iodine  contained  in  the  test  will  correspond  to  20  N  cm^  of 
liquid  titrated,  and  the  test  will  consequently  contain  20  —  N  cm^ 
of  oxygen. 

This  method  is  simple,  rapid  and  exact.  It  is  delicate  in 
application  in  the  case  in  which  the  water  contains  traces  only  of 
oxygen,  on  account  of  the  avidity  of  hydrate  of  manganese,  which 
absorbs  instantaneously  the  oxygen  of  any  bubble  of  air  coming 
into  contact  with  the  water.  It  is  necessary  to  ascertain  that  all 
the  reagents  are  pure,  and  particularly  to  make  a  blank  test  of 
the  hydrochloric  acid  on  iodide  of  potassium. 

Removal  of  the  Gases. — The  elimination  of  the  oxygen  dissolved 
in  water  may  be  effected  either  by  physical  methods,  or  by  chemical 
methods,  or  by  the  two  combined.  The  principal  physical  methods  to 
be  mentioned  are:  agitation  of  the  water;  the  action  of  temperature ; 
and  the  action  of  vacuum.  These  three  methods  may  be  used  either 
separately,  or  in  the  majority  of  cases  in  combination,  in  order 
to  obtain  the  elimination  of  the  gases  from  the  water.  Of  the 
chemical  methods  the  only  one  to  be  considered  is  the  action  of 
highly  oxidizable  iron,  which  absorbs  the  oxygen  from  the  water 
before  entering  the  boiler. 

Removal  of  the  Gases  by  Physical  Methods. — Agitation  of  the 
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water  is  used  in  various  appliances  in  the  form  of  fine  spraying 
or  circulation  through  channels  of  varying  section,  or  again  by  the 
action  of  points  and  roughnesses  on  the  current  of  water.  These 
can  only  have  the  effect  of  preventing  supersaturation  at  the 
particular  temperature  and  pressure.  Consequently  they  can  have 
no  effect  beyond  that  of  the  action  of  temperature  combined  with 
a  vacuum.  Raising  the  temperature  diminishes  the  solubility 
of  the  gases.  But  even  if  the  temperature  of  the  water  is  raised 
to  100°  C,  the  solubility  cannot  be  neglected  ;  solutions  containing 
about  2  cm^  per  litre  can  be  obtained  at  atmospheric  pressure. 
The  operation  of  heating,  however,  produces  by  itself  a  great 
improvement  in  the  condition  of  the  water  entering  the  boiler, 
for  there  is  no  longer  such  a  large  release  of  air  when  the  feed-water 
comes  into  contact  with  the  water  at  a  higher  temperature  in  the 
boiler. 

A  vacuum  would  give  better  results  still  if  it  could  be 
carried  out  at  a  very  high  temperature,  the  solubility  of  air  being 
proportional  to  the  pressure,  according  to  Henry's  law,  as  has  been 
already  stated.  But  the  vacuum,  particularly  when  the  water  is 
hot  and  attains  80°  C,  cannot  be  very  high,  for  otherwise  the  water 
would  boil.  At  80°  C.  it  is  not  possible  to  fall  below  about  0*5 
atmosphere,  and  at  60°  C.  more  than  0*8  atmosphere. 

If  the  three  methods  mentioned  are  used  in  combination,  that 
is  to  say,  if  the  water  is  submitted  to  the  combined  action  of 
temperature  and  a  vacuum,  and  supersaturation  is  prevented  by 
mechanical  action,  the  results  shown  in  the  following  diagram  will 
be  obtained,  Fig.  12  (page  316). 

This  curve  has  been  prepared  and  published  by  a  large  German 
company  making  an  apparatus,  which  uses  the  three  methods 
simultaneously.  It  appears  to  be,  if  examined  carefully,  favourable 
to  the  use  of  these  methods.  Notwithstanding  this,  the  firm  is 
obliged  to  state  :  "  There  are  still  some  milligrammes  of  oxygen 
that  cannot  be  removed  by  a  very  high  vacuum  and  by  reheating 
the  feed-water,  but  they  have  no  aggressive  action  ;  the  danger 
arises  alone  from  a  rich  supply  of  oxygen." 

The  action  of  iron  on  dissolved  air  in  the  feed-water  enables 
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even  the  last  traces  of  oxygen  to  be  removed  and  water  to  be  obtained 

absolutely  free  from  oxygen.     This  proves  that  even  the  "  last 

Fig.  12. 

Absorption  of  Oxygen  in  Water  at  Different  Temperatures  and  Vacua. 

Milligrammes  of  Oxygen  per  Litre. 


Temperature. 

milligrammes  "  of  oxygen  are  capable  of  causing  rust  and  corrosion. 
Nevertheless,  the  physical  operation  of  removing  gases  gives  very 
satisfactory  results,  because  it  diminishes  the  percentage  of  oxygen 
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in  the  feed-water  and  slows  down  the  corrosion.  But  the  use  of  a 
vacuum  appears  very  difficult  in  appliances  of  large  sizes,  as  it 
requires  a  very  keen  supervision  at  all  points  ;  and  when  leakage 
occurs,  there  is  a  churning  effect  produced  in  the  water  by  the  entry 
of  the  external  air  which,  notwithstanding  the  decrease  of  pressure 
caused  by  the  air  temperature,  produces  the  opposite  result  to 
that  which  is  desired.  A  leakage  of  this  kind  is  hard  to  locate, 
and  for  this  reason  it  is  always  possible  that  such  leakages  may 
exist. 

Numerous  appliances  have  been  constructed  in  England,  America, 
and  in  Germany,  for  effecting  physical  removal  of  the  gases.  The 
principal  ones  in  use  are  the  following  : — 

(^4)  Thermal  and  Mechanical  Removal  of  Gases. — All  feed 
reheaters  open  to  the  air  produce  a  removal  of  gases  in  so  far  as 
they  diminish  the  solubility  of  air  in  water.  Those  in  which  the 
Water  flows  in  contact  with  steam  in  reservoirs  that  are  not  tight 
are  those  which  best  perform  the  operation  of  the  removal  of  gases 
by  heat  alone.  Those  that  reheat  the  water  in  closed  receptacles, 
e.g.,  in  tubular  economisers,  remove  the  gases  to  a  great  extent 
from  the  water,  but  introduce  gases  into  the  boiler  when  it  becomes 
necessary  that  the  gases  that  have  been  removed  are  allowed  to 
escape.  Among  these  appliances  those  most  in  use  are  superheaters 
by  Cochrane  and  Webster,  and  Weir,  etc. 

The  apparatus  of  Chevalet,  by  its  construction  as  a  superheater 
with  plate  surfaces,  differs  slightly  from  the  preceding  appliances, 
and  in  this  the  steam  bubbles  through  the  water.  All  the 
"  heating  nozzles  "  of  apparatus  in  which  water  is  subjected 
to  mechanical  action  and  to  the  action  of  heat  come  within  this 
class. 

These  aj)pliances  are  accessories  in  the  operation  of  removing 
the  gases  ;  there  is  one  which  can  lay  claim  to  the  production  of  a 
better  result,  and  that  is  the  Aerex  apparatus,  in  which  the 
water  loses  its  gases  in  being  di\dded  over  two  rubbing  surfaces. 
The  gases  reunite  and  are  removed  by  a  valve  when  they  have 
attained  a  sufficient  quantity. 
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The  Siegmon  Schmitt  gas  remover  adopts  a  principle  similar 
to  that  of  partitions  with  baffles.  The  two  appliances  are 
placed  on  the  delivery  ;  they  have  more  effect  when  the  water  is 
hot,  but,  on  the  other  hand,  they  suffer  some  reduction  in  their 
action  in  consequence  of  the  pressure  on  the  feed-water,  the  pressure 
assisting  the  solution  of  the  gases. 

To  eliminate  gases  by  heat  the  firm  of  Balke,  in  Germany, 
combines  an  arrangement  for  reheating  the  water  by  steam  with 
extraction  of  the  gases  evolved  in  an  appliance  in  which  the  water 
is  subject  to  forced  circulation,  and  the  air  removed  is  exhausted 
by  an  arrangement  of  valves  at  the  top  of  the  apparatus.  The 
water  freed  from  gas  is  kept  in  contact  with  a  layer  of  inert 
gas-  at  the  lower  part  of  the  apparatus.  This  somewhat 
complicated  installation  does  not  appear  to  have  met  with  much 
success. 

(JB)  Vacuum  Appliances  for  Removing  Gases. — Some  firms  have 
constructed  apparatus  using  a  vacuum  for  removing  gases  from 
water.  Most  of  these  are  schemes  of  apparatus  which  have  but  rarely 
been  developed  into  practical  shape  ;  such  are  the  arrangements  of 
Meihof  worked  by  Halvor  Breda  and  the  Griesheim  Elektron  Lauta. 
The  "  Deutsche  Sanitiits  Werke  "  of  Frankfort  have  constructed 
apparatus  which  is  of  considerable  interest. 

The  Meihof,  applied  at  Swinemunde,  acts  by  passing  the 
water  from  which  the  gases  are  to  be  removed  through  a  siphon 
arrangement.  If  the  branches  of  the  siphon  are  of  sufficient  length, 
a  vacuum  is  produced  at  the  upper  part,  due  to  the  suction  in  the 
descending  branch.  This  vacuum  causes  the  release  of  gases 
dissolved  in  the  water  at  the  top  of  the  siphon.  The  principle  is 
very  simple  and  requires  no  mechanical  arrangement ;  the  water 
from  which  the  gas  has  been  removed  is  returned  to  the  level  of  the 
water  supply.  The  vacuum  obtained  in  such  an  arrangement  is 
not  very  high ;  it  is  hmited  by  the  destruction  of  the  vacuum  in  the 
siphon  by  accumulation  of  gases.  When  these  gases  are  removed, 
the  vacuum  disappears  ;  this  removal  is  produced  by  valves 
arranged  on  the  particular  part  of  the  siphon  operated  at  the  time 
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when  the  water  returns  for  priming  the  siphon.  In  the  apparatus 
constructed  at  Swinemunde  for  the  removal  of  gases,  the  maximum 
vacuum  corresponded  to  5  metres  (16  feet)  of  water,  which  is  not  a 
high  degree  of  vacuum. 

The  apparatus  of  the  Griesheim  Elektron  Lauta,  is  of 
very  simple  construction,  consisting  of  a  reservoir  in  which  the 
temperature  of  the  water  is  raised  by  means  of  steam.  A  vacuum 
is  created  by  the  heated  water  and  the  gases  that  accumulate  are 
extracted  by  means  of  a  pump. 

The  apparatus  made  by  the  Deutsche  Sanitats  Werke  is  largely 
in  use  and  is  of  very  original  design.  In  principle  it  consists  of  a 
tube  with  numerous  contractions,  to  the  upper  part  of  which  a 
vacuum  pump  is  attached.  At  the  base  of  this  tube,  which  is 
immersed  in  the  water  from  which  the  gases  are  to  be  removed, 
there  is  an  adjustable  air  suction-pipe.  Doubtless  this  air  passes 
over  an  oxidizable  filter  in  order  that  its  oxygen  may  be  removed 
from  it.  As  a  result  of  the  vacuum,  the  water  and  air  that  have 
been  filtered  rise  in  this  column  ;  there  is  a  vigorous  shaking  of  the 
liquid  due  to  the  passage  of  the  gas  and  to  the  contractions.  This 
violent  movement  in  conjunction  with  the  vacuum  causes  the  release 
of  the  gases  dissolved  in  the  water,  and  these  gases  are  drawn  into 
the  upper  part  of  the  apparatus  by  the  vacuum  pump.  It  is  certain 
that  different  conditions  prevent  a  high  vacuum  from  being  obtained, 
in  particular  the  shaking  by  use  of  gases  and  the  height  of  the 
apparatus,  which  is  far  from  attaining  the  dimensions  required  by 
the  barometer.  For  this  reason  it  is  said  "  that  there  are  still  a 
few  milhgrammes  of  oxygen  remaining  in  the  water  " ;  nevertheless, 
this  apparatus  certainly  removes  the  oxygen  to  a  great 
extent  from  the  water  that  has  passed  through  it,  and  it  contains 
at  its  maximum  the  percentage  corresponding  to  saturation  at  the 
pressure  obtained  in  the  column  and  at  the  temperature  of  the  water. 
This  apparatus  appears  to  be  in  wide  use. 

Chemical  Removal  of  Gases. — All  chemical  methods  of  removal 
of  gases  in  actual  use  are  based  on  the  same  principle.  They  consist 
in  causing  the  water  that  it  is  desired  to  free  from  oxygen  to  pass 
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over  iron.  If  the  iron  has  a  sufficiently  large  surface,  if  its  chemical 
composition  is  carefully  selected  in  order  that  it  may  be  very  easily 
oxidizable,  and,  lastly,  if  the  water  is  circulated  sufficiently  slowly 
for  the  oxidizing  action  to  be  complete,  the  chemical  removal  of 
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the  gases  enables  all  the  oxygen  contained  in  the  water  to  be 
eliminated  ;  in  fact,  the  oxygen  may  be  combined  with  iron  in  the 
presence  of  water  so  as  to  give  different  hydrates,'^of  which  the 
richest  is  rust : 

2  Fe  +  3  0  +  3  H2O  =  2  Fe  (OH),. 
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This  reaction  is  practically  quantitative  ;  it  requires  more  or 
less  time  according  to  the  temperature  at  which  it  takes  place,  but 
it  can  always,  whatever  be  the  temperature,  effect  a  sufficiently 
complete  removal  of  the  gases,  if  the  iron  is  largely  in  excess  in 
regard  to  the  oxygen,  so  that  nothing  but  minute  traces  of  gases 
remain  in  the  water. 

For  the  same  quantity  of  iron  turnings,  the  quantity  of  water 
from  which  the  gases  are  removed  is  proportional  to  the  speed  of 
the  reaction,  and  consequently  proportional  to  the  temperature. 
The  output  of  a  filter  is  given  as  a  function  of  the  temperature  by 
the  following  curve.  Fig.  13.  If  the  velocity  is  caused  to  vary  in 
a  given  filter,  it  will  be  seen  that  it  cannot  yield  more  than  a 
certain  limited  quantity  if  it  is  desired  that  the  removal  of  the  gases 
should  be  efficient. 

The  output  is  also  proportional  to  the  quantity  of  turnings 
in  contact  with  the  water ;  this  quantity,  moreover,  cannot 
be  increased  indefinitely  because  the  size  of  the  apparatus  would 
require  to  be  sufficiently  reduced  so  as  not  to  be  an  obstacle  to  its 
introduction  into  a  boiler  room. 

Another  factor  intervenes  in  the  working  of  these  appliances  ; 
it  is  the  facility  with  which  the  metal  used  becomes  oxidized. 
Practice  shows  that  very  impure  iron  rusts  very  rapidly.  Laboratory 
experiments  have  enabled  the  Author  to  find  a  catalytic  agent  of 
great  importance,  namely,  manganese.  The  presence  of  manganese 
hastens  the  oxidization  of  the  metal ;  nevertheless,  if  this  action 
shows  itself  in  the  case  of  small  percentages  corresponding  to  the 
manganese  steels,  it  is  not  so  well  marked  in  the  case  of  higher 
percentages.  A  metal  which  is  rich  in  manganese  is  cast-iron. 
and  cast-iron  is  much  less  oxidizable  than  steel.  The  physical  and 
chemical  composition  of  the  metal  has  therefore  a  great  influence. 

The  catalytic  action  of  manganese  may  be  represented  by  the 
following  curve,  the  metals  under  consideration  being  very  closely 
allied  in  composition  and  physical  properties,  and  differing  only  by 
their  percentage  of  manganese.  Fig.  14  (page  322). 

To  sum  up,  it  is  seen  that  from  the  chemical  point  of  view,  the 
removal  of  gases  by  iron  depends  :  on  the  surface  of  the  metal,  on 
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the  temperature  of  the  water,  on  the  speed  at  wliich  it  passes  over 
the  metal,  and,  finally,  on  the  composition  of  the  iron. 

To  obtain  a  maximum  surface  with  a  certain  quantity  of  iron  it 
must  be  used  in  a  finely  subdivided  form,  preferably  in  turnings. 
There  is  then  a  jDhysical  removal  of  the  gases  at  atmospheric 
pressure  which  reduces  the  gases  in  the  water  to  the  point  of 
saturation  for  air  at  the  teniiDerature  and  under  the  pressure  in 
question.  This  action  is  of  great  advantage,  and  reduces  the 
amount  of  turnings  required  to  a  considerable  extent. 

Fig.  14. — Velocity  of  Absorption  of  Oxygen  for  Degasser. 

The  Rates  of  Absorption  of  Oxygen  are  expressed  in  equal  proportions 
for  the  same  velocity  of  flow  of  water  through  the  Apparatus. 
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In  commercial  appliances,  the  following  phenomenon  may  occur  : 
When  the  coating  of  rust  becomes  very  thick,  contact  of  oxygen 
with  the  iron  is  no  longer  good,  and  the  chemical  removal  of  the 
gases  may  be  considerably  slower.  Notwithstanding  this,  under  the 
worst  conditions,  a  water  leaving  such  apparatus  may  be  found  to 
contain  less  than  0'  5  cm^  of  oxygen  per  litre.  There  are  some  other 
appliances  working  on  the  same  principle  as  the  German  degassers 
constructed  by  the  firms  of  Hulsmeyer  and  Seiffert,  and  an  American 
apparatus  due  to  Professor  W.  H.  Walker. 


March   1921.  PURIFICATION   OF    BOILER    FEED-WATER.  323 

The  Hulsmeyer  apparatus  consists  of  a  column  of  iron  turnings 
distributed  in  baskets  of  perforated  sheet-iron,  which  allow  it  to 
be  distributed  equally.  This  column  of  iron  turnings  ends  in  a 
filter  which  retains  any  particles  of  iron-oxide  that  may  become 
detached.  At  the  top  of  the  apparatus  there  is  fitted  an  automatic 
float-operated  valve  for  the  rehef  of  the  gases  released  by  physical 
action.  The  water  circulates  from  the  bottom  to  the  top  of  this 
very  simple  apparatus.  The  Hulsmeyer  apparatus  may  be 
included  as  either  falUng  under  the  suction  type  or  the  pressure 
type. 

The  Seifiert  apparatus  is  constructed  on  the  same  principle,  but 
comprises  a  reheater.  Starting  with  the  fact  that  heat  encourages 
physical  and  chemical  removal  of  the  gases,  Seiffert  filled  the  tubes 
with  a  tubular  superheater  filled  with  iron  shavings.  The  apparatus 
is  of  the  most  simple  kind,  and  is,  perhaps,  very  efiective,  but  the 
replacement  of  the  iron  shavings  in  the  tube  cannot  be  a  very  easy 
matter. 

Prof.  W.  H.  Walker  proposes  an  apparatus  for  removing 
the  gases  from  hot  water,  consisting  of  a  receptacle  filled  with 
perforated  plates  one  above  the  other.  This  apparatus  he  styles 
a  "deactivator."  The  only  point  that  appears  to  have  been 
overlooked  is  the  absence  of  a  valve  for  allowing  the  gases  released 
in  the  apparatus  by  its  mechanical  action  under  the  influence  of 
the  circulation  of  water  between  the  plates. 

To  avoid  the  slowing  of  the  oxidizing  process  by  the  rust  deposit 
on  the  iron,  the  Kestner  Co.  has  designed  an  apparatus  based  on 
the  following  :  If  an  apparatus  for  removing  gases  by  means  of 
iron  is  left  with  the  iron  rusty,  it  is  found  that  after  a  day  of  rest, 
the  rust,  which  was  red,  has  become  an  oxide  of  a  greenish-black 
colour.  This  transformation  is  due  to  the  reduction  of  the  ferric 
hydrate  under  the  influence  of  the  iron  ;  a  saUne  hydrate  of  the  oxide 
and  a  ferrous  oxide  is  obtained.  The  following  is  the  reaction  ; 

2  Fe  (0H)3  +  Fe  +  2  H2O  =  Fcg  (OH),  +  2  H. 
2  Fe  (OH)3  +  Fe  =  3Fe(OH)2. 

This  reaction  takes  place  in  the  middle  of  tlic  reducing  agent, 
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that  is,  in  the  presence  of  iron  and  in  the  absence  of  oxygen.  The 
saline  oxy-hydrate  formed  is  easily  removed  from  the  iron  by 
wasliing,  and  moreover  it  is  capable  of  further  absorbing  oxygen 
in  becoming  ferric-hydrate.  In  order  that  the  apparatus  for  removing 
the  gases  should  retain  its  working  speed,  it  is  necessary  that  it 

Fig.  15. — Arrangement  of  Degasser  (Kestner). 

AIR  -  COCK 


should  be  put  alternately  in  and  out  of  circuit,  the  two  appliances 
in  work  retaining  the  power  of  the  iron  for  absorption  until  the 
latter  has  been  completely  oxidized.  The  Kestner  apparatus, 
Fig.  15,  is  based  upon  this  principle,  and  consists  of  a  column  of 
turnings  of  sufficient  quantity  for  half  only  to  be  in  action,  and  to 
allow  that  the  water  shall  have  lost  these  gases  on  arriving  at 
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half  the  height.  The  second  portion  of  the  iron  being  in  contact 
with  this  deoxidizing  agent  gives  rise  to  rapid  reduction,  its  rust 
changing  to  the  condition  of  a  suboxide.  At  the  end  of  the  day, 
the  direction  of  flow  is  reversed.  The  water  then  passes  over  the 
iron,  which  has  become  a  suboxide,  which  is  then  changed  to  a 
peroxide,  and  arrives  free  from  gases  on  the  surface  (rusted  the  day 
before)  which  in  turn  is  reduced.  Thus,  each  half  of  the  apparatus 
works  alternately  by  inversion  of  the  direction  of  circulation  of 
the  water,  and  the  removal  of  the  gases  becomes  continuous  and 
absolutely  regular. 

The  Kestner  apparatus  consists  of  a  column  of  iron  turnings 
placed  between  two  filters  with  an  intake  and  outlet  for  the  water 
at  each  end  of  the  apparatus,  in  such  manner  that  the  direction 
of  flow  of  the  water  can  be  inverted  at  regular  intervals.  Like 
the  other  filters  using  iron  turnings,  it  may  claim  completely  to 
eliminate  the  oxygen  from  the  water  with  greater  certainty.  The 
consumption  of  turnings  and  the  speed  of  the  absorption  of  oxygen 
are  approximately  regidar,  and  the  arrangement  for  allowing  steam 
to  be  admitted  at  the  base  of  the  apparatus  allows  it  to  be  cleaned 
by  blowing  steam  through  and  remo\T.ng  any  rust  which  may  become 
detached  from  the  iron  on  which  it  was  produced. 

The  consumption  of  iron  turnings  in  the  apparatus  for  remo\4ng 
gases  is  very  small ;  according  to  the  percentage  of  oxygen  contained 
in  the  water,  it  varies  from  one  to  three  grammes  per  cubic  metre 
(per  ton)  of  water  which  reduces  the  cost  of  the  removal  of  gases  to 
a  negligible  figuje.  The  iron  consumed  in  the  gas-remo-\^ng  apparatus 
corresponds  to  the  same  weight  of  boiler-plate  which  has  been 
saved  from  destruction,  and  the  difierence  in  first  cost  between 
the  two  materials  destroyed  forms  a  very  great  saving. 

Whatever  may  be  the  method  employed  for  removing  the  gases, 
it  involves  a  cii'cuit  of  water  closed  from  atmospheric  contact 
if  it  is  to  give  a  large  output.  The  water  which  has  been  freed  from 
gas  can  become  saturated  very  rapidly  by  air.  It  is,  therefore, 
advisable  that  the  tanks  in  which  the  water  may  be  retained  should 
be  as  well  enclosed  as  possible,  and  that  on  the  whole  of  the  pipe 
system  there  should  be  a  small   positive  pressure.     A  head  of  a 
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few  centimetres  of  water  is  sufficient  to  prevent  the  entry  of  jiir 
whicli  might  happen  accidentally  through  bad  joints  or  accidental 
circumstances.  In  such  a  pipe  system  the  only  place  at  which  the 
entry  of  air  may  be  possible  is  the  condenser  in  which  the  vacuum 
is  produced.  The  tightness  of  the  condenser  should,  therefore,  be 
very  carefully  tested.  Moreover,  to  avoid  the  effect  due  to  any  air 
entering  by  accident,  which  may  always  occur,  it  is  essential  that 
the  water  should  pass  through  the  gas  remover  immediately  before 
entering  the  boiler,  even  though  this  water  should  result  from 
condensation,  and  though  it  may  only  contain  a  small  quantity  of 
oxygen.  Iron  turnings  are  only  consumed  according  to  the  percentage 
of  oxygen  in  the  water,  and  water  free  from  gas  does  not  change 
this  ;  consequently,  it  does  not  necessitate  expense  by  being  passed 
through  the  degasser.  The  degasser  so  placed  protects  the  boiler 
and  the  economiser  from  any  attack  by  the  gases,  and  acts  as  a 
doorkeeper  to  prevent  the  entrance  of  anything  undesirable. 

The  study  of  continuous  blowing  down,  on  the  one  hand,  and 
that  of  degassing  on  the  other  hand,  have  led  to  the  conception  of 
a  complete  circulation  system  for  a  central  station  using  distilled 
water.     The  main  guiding  principles  of  this  idea  are  as  follows  : — 

The  ability  to  use  any  one  boiler  as  a  distilling  apparatus,  and 
to  feed  the  other  boilers  with  the  water  distilled  in  this  boiler. 

The  blowing  down  of  a  large  quantity  of  water  from  the  boiler 
that  is  performing  the  function  of  distilling  ;  the  blowing  off  of  only 
a  small  quantity  of  water  from  the  boilers  using  distilled  water, 
and  the  conveying  into  the  distilling  boiler  of  the  water  so  blown 
down. 

The  protecting  of  the  condensed  water  from  all  contact  with  the 
air  by  means  of  a  closed  circuit ;  the  degassing  of  the  condensed 
water  before  its  passage  through  the  economisers  and  the  boilers. 

From  the  moment  at  which  the  water  is  degassed  the  keeping 
of  it  enclosed  so  that  no  entry  of  air  is  possible. 

The  degassing  of  the  water  to  be  purified  before  it  passes  into 
the  distilling  apparatus. 

There  should  be  no  point  on  the  circuit  of  the  purified  water  in 
common  with  any  on  the  circuit  of  the  distilled  water. 
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The  only  appliances  that  may  be  common  to  the  boilers  are  the 
blow-off  manifolds  and  the  steam  mains. 

It  will  be  seen  that  the  scheme  of  this  system  of  water  circulation 
purification  and  degassing  rests  on  a  very  broad  basis,  and  that  the 
distilling  apparatus  may  equally  well  be  an  evaporator  or  a  boiler. 
Each  has  its  respective  advantages. 

For  a  water  circulating,  purifying  and  degassing  plant  the 
following  system  is  proposed,  Fig.  16  (page  328) : — 

One  of  the  boilers  is  to  evaporate  the  purified  water  coming 
from  the  purifier.  It  will  supply  steam  that  will  go  with  that 
generated  by  the  other  two  boilers  to  the  steam  main.  The  steam 
will  pass  through  the  turbines,  it  will  be  condensed  and  it  will 
re-enter  the  boilers  as  distilled  water  after  it  has  passed  through  the 
degassing  apparatus. 

All  the  boilers  are  to  be  blown  down,  the  boilers  using  distilled 
water  to  the  extent  of,  say,  2|  per  cent,  and  that  performing  the 
distillation  of  the  water  to  the  amount  of,  say,  10  per  cent,  and  all 
of  these  amounts  that  have  been  blown  down  are  to  pass  collectively 
through  the  purifier  in  which  they  will  be  subjected  to  the  same 
treatment  as  the  ordinary  '"'  make-up "  feed-water,  and  the 
impurity  is  to  be  measured  by  the  testing  apparatus.  The 
purified  water  is  to  be  returned  to  the  particular  boiler  performing 
the  distilling,  after  it  has  passed  through  a  special  degassing 
appliance. 

The  boiler  containing  the  water  that  is  to  be  purified  will  thus 
furnish  the  supply  to  the  boilers  working  with  distilled  water  in 
the  form  of  steam  ;  there  will  be  no  common  portion  between  the 
circuit  of  the  purified  water  and  that  of  the  distilled  water.  It  will 
merely  be  necessary  to  provide  an  overflow  reservoir  to  enable  any 
excess  of  purified  water  to  be  reintroduced  into  the  circuit  if  such 
excess  should  be  produced. 

All  the  boilers  can  be  fed  either  with  purified  water  or  with 
distilled  water,  which  enables  any  desired  boiler  to  be  used  for  the 
work  of  distilHng. 

Such  a  circuit  will  ensure  that  a  central  station  will  have  the  best 
possible  thermal  balance  sheet,  and  moreover  a  longer  Ufe  for  the 
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Scheme  for  the  purification  of  make-up  ^vater  by  continuous  blow-down  and 
degassing  of  all  water  before  discbarge  to  boilers.  One  boiler  operates  on  puri^ed 
make-up  water ;  the  remainder  using  distilled  water  only. 
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boilers,  wMch  the  process  protects  from  formation  of  scale  and 
corrosion. 

It  is  obvious  that  a  similar  scheme  can  be  arranged  for  the 
distillation  by  means  of  an  evaporator,  which  under  certain 
circumstances  offers  advantages.  Such  an  arrangement  is  illustrated 
in  Fig.  17. 

The  Paper  is  illustrated  by  17  Figs,  in  the  letterpress. 


Discussion. 

The  President  said  that,  in  view  of  the  applause  with  which 
the  Paper  had  been  greeted,  it  was  hardly  necessary  to  propose  a 
formal  vote  of  thanks,  and  asked  the  Author  to  accept  the  thanks 
of  the  Meeting.  The  Paper  brought  very  forcibly  to  his  mind  the 
necessity  of  an  entente  between  Mechanical  Engineers  and  Chemists. 
Chemists  indicated  what  was  wanted  in  regard  to  various  operations, 
and  it  then  remained  for  the  mechanical  engineer  to  devise  the 
apparatus  whereby  those  operations  could  be  carried  out. 

The  Eesolution  of  Thanks  was  then  put  and  carried  with 
acclamation. 

Sir  William  Pope,  K.B.E.,  F.R.S.  (President  of  the  Society  of 
Chemical  Industry),  said  the  pleasant  duty  fell  to  him,  on  behalf 
of  the  Society  of  Chemical  Industry,  to  welcome  the  Author  to  the 
Joint  Meeting  of  their  two  great  Societies.  The  profession  of 
chemical  engineering  had  now  become  a  well  established  one,  and 
amongst  its  numerous  members  there  were,  as  in  every  other 
profession,  a  few  who  stood  out  in  that  their  work  always  bore  the 
stamp  of  genius.  They  were  accustomed  to  look  for  that  mark  of 
originality  in  everything  the  Author  did.  They  had  seen  it  in  the 
past ;  they  had  discerned  it  in  his  Paper  that  evening,  and  they 
looked  forward  to  seeing  it  again  for  many  long  years  to  come  in 
his  future  work.  Their  recognition  of  the  Author  as  an  artist  in  a 
great  profession  was  evidenced  by  the  fact  that  the  Society  of 
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Chemical  Industry  had  conferred  upon  him  the  highest  honour  in 
their  gift,  namely,  the  Medal  of  the  Society,  and  he  was  the  only 
Frenchman  who  had  received  that  award  up  to  the  present. 

The  Author  had  always  been  a  great  advocate  of  the  necessity 
for  closer  co-operation  between  his  own  nation  and  this  country, 
and  it  was  because  of  his  belief  in  that  necessity  that  he  had  put 
himself  to  the  inconvenience  of  coming  to  London  to  address  the 
Joint  Meeting  of  the  Institutions.  But  he  thought  on  the  present 
occasion  something  more  than  that  might  be  said.  Captain  Sankey 
had  remarked  on  the  necessity  for  more  mutual  efiort  between  the 
chemist  and  the  engineer,  and  in  the  present  Joint  Meeting  there 
was  to  be  seen,  he  hoped,  the  inauguration  of  a  period  of  closer 
co-operation  between  the  two  great  subjects  with  which  they  dealt. 
The  alleviation  of  many  of  the  troubles  from  which  the  world  was 
now  suffering  depended  upon  progress  in  engineering,  in  chemistry, 
and  in  chemical  engineering.  It  was  no  part  of  his  task  on  the 
present  occasion  to  open  a  technical  discussion  on  the  subject  before 
the  Meeting.  There  were  many  present  who  had  a  very  wide 
practical  acquaintance  with  the  subject  of  the  Paper,  and  he  would 
therefore  leave  the  discussion  of  the  important  points  which  had 
been  raised  to  those  who  were  better  able  to  deal  with  them. 

Professor  J.  W.  Hinchley,  in  opening  the  discussion,  said  the 
Author  had  been  labouring  at  the  subject  a  long  time,  and  he 
believed  he  had  succeeded  in  evolving  a  practical  solution  to  a  very 
difficult  problem,  namely,  that  of  freeing  water  and  steam  raised 
from  it  from  the  corrosive  oxygen  and  carbon  dioxide  usually 
present.  The  fact  that  ferric  hydrate  in  contact  with  iron  was  slowly 
reduced  to  the  ferrous  state,  and  was  again  capable  of  performing 
the  function  of  an  oxidizer,  was  a  remarkable  chemical  fact  to  be 
used  in  solving  the  practical  problem.  The  absence  of  corrosion 
in  the  boiler  would  be  not  less  important  than  its  absence  in  other 
parts  of  the  plant  through  the  freedom  from  oxygen  of  the  steam. 
The  presence  of  air  in  steam  was  one  of  the  bugbears  of  the  chemical 
engineer.  He  did  not  believe  the  mechanical  engineer  worried  about 
it,  but  he  certainly  had  great  evidence  of  it  in  the  damage  that  was 


332  PURIFICATION   OF   BOILER    FEED-WATER.  March  1921. 

done  to  condenser  tubes  and  other  parts  of  his  plant.  He  was 
very  interested  in  the  fact  that  the  Author  had  found  that  cast- 
iron  containing  manganese  was  an  extremely  active  rusting  agent. 
He  believed  cold  blast  cast-iron  liners  were  usually  stated  to  be 
used  in  ordinary  cylinders  of  steam-engines,  but  there  was  little 
doubt  that  many  of  those  liners  were  cast  from  metal  made  in  an 
ordinary  cupola  by  the  addition  of  steel  containing  appreciable 
amounts  of  manganese,  and  it  was  quite  possible  that  much  of  the 
corrosion  that  was  obtained  in  those  cylinders  might  be  due  to  the 
oxygen  in  the  steam  and  the  presence  of  manganese  in  the  cast-iron. 
He  believed  manganese  was  a  notorious  agent  for  producing 
segregation,  especially  of  sulphur  as  manganese  sulphide.  He  would 
like  to  know  from  the  Author  whether  he  determined  the  percentage 
of  sulphur  at  the  same  time  that  he  determined  the  manganese, 
and  whether  the  segregation  of  manganese  had  anything  to  do  with 
those  characteristic  properties  which  he  found,  or  whether  it  was 
merely  manganese  in  solution  in  the  cast-iron  or  equally  distributed 
through  it.  He  would  also  like  the  Author  to  say  whether  he  found 
that  the  amount  of  graphitic  carbon  in  the  grey  cast-iron  which  he 
used  had  any  great  influence. 

Mr.  Arthur  Spyer  said  it  was  difficult  for  him  to  criticize  the 
Paper,  because  he  was  so  absolutely  in  agreement  with  the  theories 
the  Author  had  enunciated,  especially  in  regard  to  the  necessity  of 
degassing  feed-water.  The  Author  had  pointed  out  that  carbonic 
acid  gas  and  oxygen,  when  they  were  present  in  the  feed-water, 
resulted  in  a  recuperative  action,  because  ferrous  carbonate  was 
first  formed,  then  in  the  presence  of  oxygen  this  was  transformed 
into  ferric  carbonate,  which,  being  a  very  unstable  body,  again 
resolved  itself  into  oxide  of  iron  and  carbonic  acid  gas,  so  that,  if 
the  carbonic  acid  gas  was  not  got  rid  of,  the  action  was  continuous 
and  recurrent.  The  Author  had  spoken  at  great  length  on  the  so- 
called  chemical  method  of  degassing,  and  he  was  very  much  interested 
to  hear  the  propositions  he  made  in  reference  to  the  use  of  what 
might  be  called  the  steel- shaving  method,  because  until  quite 
recently  the  results  of  degassing  with  that  method  of  treatment  had 
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not  been  altogether  consistent ;  in  fact,  in  many  cases  it  was  known 
they  had  been  unsatisfactory.  There  seemed  to  be  several 
indications,  however,  that  with  the  modifications  suggested  by  the 
Author  those  difficulties  might  be  overcome. 

Another  point  raised  was  the  use  of  evaporators.  The  vapour 
produced  in  ordinary  evaporators  frequently  contained  carbonic 
acid  gas,  oxygen,  and  traces  of  copper  salts.  If  these  substances 
obtained  access  to  the  boiler-water,  they  reproduced  the  gas 
difficulty  and  hence  the  necessity  of  getting  rid  of  the  gases.  The 
most  agreeable  waters  for  drinking  purposes  were  usually  impregnated 
with  carbonic  acid  and  oxygen,  and  whilst  exceedingly  pleasant  to 
drink,  they  were  exceedingly  bad  for  boilers. 

With  regard  to  the  suggested  method  of  a  continuous  blowing 
out,  he  did  not  wish  to  be  hypercritical  in  any  way,  but  in  a  well- 
managed  station  at  the  present  day,  with  the  methods  which  were 
adopted  of  getting  rid  of  solid  matter  in  the  feed-water,  the  amount 
of  blowing  out  from  the  boilers  should  be  very  small.  It  was  rather 
doubtful  whether  it  would  pay  commercially  to  install  sOmewhat 
costly  apparatus  as  described  in  the  Paper,  unless  very  definite 
evidence  w^ere  forthcoming  of  the  gain  to  be  obtained,  because,  after 
all,  engineers  unfortunately  had  to  consider  whether  a  particular 
apparatus  paid  or  not. 

In  dealing  with  the  subject  of  corrosion,  tlio  Author  had  referred 
to  galvanic  action.  In  his  own  experience  he  had  never  yet  seen  a 
case  in  which  he  was  convinced  that  galvanic  action  of  itself  had  been 
the  cause  of  corrosion.  The  wear  of  the  zinc  blocks  which  were 
frequently  fitted  in  boilers,  was  more  probably  due  to  ordinary 
oxidation  than  to  galvanic  action.  He  was  absolutely  in  agreement 
with  the  Author  with  regard  to  the  beneficial  effects  of  heating  the 
feed-water  before  subjecting  it  to  the  discharge  pressure ;  it 
undoubtedly  helped  to  get  rid  of  gas,  and  facilitated  the  action  on 
the  water  of  any  chemicals  which  might  be  introduced.  It  reduced 
the  solubility  of  the  salts  at  high  temperature,  and  therefore  enabled 
a  great  proportion  of  the  salts  to  be  got  rid  of  before  they  went  into 
the  boiler.  It  should  be  the  object  of  engineers  and  chemists  first 
of  all  to  take  care  that  no  air  got  into  the  feed-water  ;  in  the  second 
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place,  to  take  all  possible  steps  to  prevent  the  access  of  air  to  the 
feed- water  subsequently,  and,  thirdly,  to  heat  it  as  much  as  possible, 
so  that  any  gases  which  were  present  might  be  eliminated  so  far  as 
practicable. 

Mr.  R.  W.  Bailey  said  he  was  sure  that  builders  of  steam- 
turbines  would  be  indebted  to  the  Author  for  his  valuable  Paper, 
first,  because  it  emphasized  the  need  of  removing  oxygen  from  boiler 
feed- water,  and  secondly,  it  might  be  inferred  that,  if  it  was  not 
removed,  serious  corrosion  of  the  plant  might  result.  Corrosion  in 
a  steam-turbine  was  a  much  more  serious  matter  than  in  a  boiler ; 
and  there  was  no  doubt  whatever  that  oxygen  was  responsible  in 
many  cases  for  blading  decay.  Although  materials  specially 
resistant  to  corrosion  were  employed  in  the  construction  of  steam- 
turbines,  for  example,  5  per  cent  nickel  steel,  high  chromium  steel, 
and  special  alloys,  corrosion  of  blading  might  occur  unless  proper 
attention  were  paid  to  the  feed-water.  The  firm  with  which  he  was 
engaged,  namely,  the  Metropolitan- Vickers  Electrical  Co.,  had 
experienced  cases  of  blading  corrosion,  and  its  research  department 
had  investigated  the  problem  of  water  treatment  with  a  view  to  its 
prevention. 

The  action  of  an  iron  deoxidizer  of  the  type  described  by  the 
Author  was  investigated,  and  the  results  obtained  confirmed  his 
remarks  regarding  its  efiectiveness.  At  first  it  was  thought  that 
iron  turnings  would  meet  ordinary  requirements,  but  the  idea  was 
abandoned  as  it  was  feared  that  the  water  would  traverse  the  mass 
in  lanes,  and  uncertain  and  irregular  action  would  result.  He 
would  Like  to  ask  the  Author  whether  trouble  of  this  kind  was 
experienced  with  iron  turnings.  Attention  was  therefore  directed  to 
the  use  of  expanded  sheet  steel,  and  Fig.  18,  based  upon  experiments 
made  with  a  small  deoxidizer,  showed  the  relation  between  the  • 
amount  of  iron,  rate  of  flow,  and  oxygen  removed  as  a  percentage 
of  that  initially  present.  The  action  of  such  a  deoxidizer  was  also 
investigated  from  a  theoretical  standpoint,  in  order  that  rational 
formulae  might  be  employed  which  could  be  used  with  some  degree 
of  confidence  outside  the  range  of  the  experiments.     This  was  done 
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in  Fig.  18,  which  gave  values  for  cases  uj)  to  500  sheets,  although 
the  experiments  were  only  conducted  over  one-tenth  of  this  range. 
It  was  found  that  the  rate  at  which  the  iron  absorbed  oxygen  was 
rather  more  than  proportional  to  the  concentration  of  oxygen  (this 
might  not  be  absolute,  but  might  be  really  due  to  a  more  extended 
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surface  being  ofiered  where  oxidization  was  most  active),  and 
increasing  the  velocity  of  flow  increased  the  rate  of  absorption  at  the 
iron  ;  but,  as  the  quantity  entering  was  proportional  to  the  velocity, 
the  percentage  of  oxygen  removed  from  the  water  decreased  with 
increasing  rate  of  flow  as  would  be  expected.     The  curves  showed 
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that  the  increase  in  efficiency  with  decreased  velocity  was  appreciable. 
A  rational  formula  taking  into  closer  account  the  efEect  of 
concentration  and  velocity  was  not  convenient  for  practical 
purposes,  and  the  following  approximate  formula,  which  would 
satisfy  most  practical  cases  and  was  a  basis  of  Fig.  18,  might  be 
given  for  the  case  where  the  water  temperature  was  15°  C. 

J  100      _        3-lSN .    n  nA 

-LiOgio  100  -  P  —   100  +  12500  V  +  ^'^'* 

Where  : — P  =  Percentage  of  oxygen  removed. 

V  =  Telocity  of  flow  in  feet  per  minute,  based  upon  the 

gross  cross-sectional  area. 
N  =  Number  of  sheets  of  expanded  sheet  steel, 
^j  _  P  Area  of  actual  iron  surface 

b  —  Katio  :— Plane  area^  sheet  (one  sTde)- 

The  influence  of  temperature  in  increasing  the  rate  of  oxidation 
was  most  marked.  Their  information  on  this  point  was  not  very 
extensive,  but  it  appeared  to  support  the  rough  rule  that  it  doubled 
for  every  10°  C.  increase  in  temperature.  He  would  like  to  ask  the 
Author  whether  such  a  relation  agreed  with  the  curve  exhibited  by 
hhn. 

He  was  most  interested  in  the  alternating  flow  arrangement 
developed  by  the  Author  in  order  to  take  advantage  of  a  regenerative 
action.  His  firm  had  developed  a  similar  arrangement  for  a  different 
reason,  namely,  that  the  rate  of  corrosion  was  so  much  greater  at  the 
inlet  end  that,  to  secure  something  like  uniform  oxidation  of  the  iron 
throughout  the  deoxidizer,  it  was  necessary  to  employ  the 
alternating  flow  principle.  It  shovdd  be  mentioned  that  the  rate 
of  oxidation  at  difierent  positions  in  a  deoxidizer  of  the  kind 
considered  was  given  approximately  in  Fig.  18  by  the  ordinatcs  of 
the  different  curves  measured  from  the  100  per  cent  line. 

The  Metropolitan-Vickers  Electrical  Co.  did  not  make  deoxidizers, 
but  they  had  looked  into  the  question  of  their  action  and  design  in 
order  that,  where  necessary,  recommendations  could  be  made  to 
customers  in  connexion  with  the  steam-turbines  supphed.     Fig.  19 
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showed  diagrammatically  a  scheme  recommended  in  the  case  of  a 
large  electric  power-station  in  this  country  where  corrosion  had 
been  traced  principally  to  dissolved  oxygen  in  the  feed- water.  Only 
the  make-up  water  was  passed  through  the  deoxidizer,  and  this 
flowed  under  gravity  from  the  storage  tank  A,  via  the  pipe  B  and 


Pig.  19.— Diagram  of  Feed-  Water 
De-oxidation  Plant. 

(Metropolitan- Viokers  Elec.  Co.). 


H— 33^     BOILER 
FLCED 


thermostat  controlled  heater  E,  to  the  deoxidizer  C,  its  rate  of 
flow  being  controlled  by  a  float  in  the  hot- well  D.  The  valve 
arrangements  for  reversing  the  direction  of  flow  and  for  permitting 
one  side  to  be  opened  up  w'hile  the  other  was  in  operation,  thus 
enabling  replacement  of.  the  expanded  metal  to  be  carried  out 
without  stopping  the  plant,  as  also  the  arrangement  for  shutting 

z 
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down  the  deoxidizer  completely,  would  be  understood  from  the 
Figure.  To  prevent  subsequent  aeration  of  the  make-up  and  of  the 
condensate,  the  hot-well  D  was  steam-sealed,  exhaust  steam  from 
auxiliaries  being  led  in  at  H  and  its  supply  adjusted  so  that  a  small 
escape  took  place  at  the  vent-pipe  J.  To  prevent  aeration  of  the 
condensate  and  at  the  same  time  permit  a  simple  delivery  to  the 
overhead  storage-tank  when  the  level  in  the  hot-well  closed  ofi  its 
flow  thereto,  an  inverted  siphon  K  was  employed  and  the  branch 
to  the  hot- well  was  "  teed  "  oS  the  inlet  limb  as  shown  A  column 
of  "  dead  "  water  existed  below  this  connexion,  and  thus  sealed  the 
condensate  passing  to  the  hot-well  from  the  atmosphere.  The 
delivery  pipe  from  the  deoxidizer  was  carried  up  as  shown  at  F,  in 
order  to  keep  the  upper  part  of  the  deoxidizer  under  sufficient 
pressure  to  enable  a  snifting  valve  to  release  any  gas  that  might 
accumulate  when  heating  was  employed.     {See  also  page  342.) 

Professor  F.  G.  Donnan,  F.R.S.,  said  he  remembered  that  some 
years  ago  the  question  of  the  degassing  of  the  water  in  the  Calgoorlie 
water  supply  main,  which  had  a  very  great  length,  arose,  and  he 
understood  it  was  done  by  spraying  at  a  reduced  pressure.  That 
was  a  very  important  question  in  connexion  with  conducting  water 
over  long  distances  and  for  general  questions  of  municipal  supply. 
It  would  be  of  interest  if  the  Author  could  state  how  that  method 
could  be  developed  for  general  supply  purposes.  It  was  quite 
impossible  to  use  a  chemical  method  on  a  very  large  scale  like  that, 
and  it  would  therefore  be  of  interest  to  know  if  it  was  possible  to 
use  the  physical  method  successfully.  He  thought  that  spraying 
by  nozzles  at  a  sufficiently  low  pressure- vacuum  would  not  remove 
the  oxygen  sufficiently,  but  that  was  not  a  matter  on  which  he 
possessed  enough  knowledge  to  give  a  valuable  opinion. 

With  regard  to  the  Author's  scheme  of  a  boiler  acting  as  a  water 
distiller,  he  remembered  inspecting  in  South  America  a  boiler  system 
which  worked  in  very  nearly  the  same  way.  One  boiler  took  the 
make-up  feed,  which  was  softened  in  the  usual  way,  and  acted  as  a 
water  distiller  to  the  other  boilers.  The  cqpdensed  water  came  back, 
and  there  was  a  partial  attempt  at  systematic  blowing  down,  but 
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it  was  not  very  great  and  was  not  particularly  necessary.  The 
boilers  were  mostly  water-tube  boilers  working  at  200  lb.  pressure, 
and  the  water  distiller  was  a  Lancashire  boiler  working  at  about 
50  lb.  pressure. 

Professor  J.  S.  S.  Brame  said  he  had  been  carrying  out  a  good 
deal  of  work  in  connexion  with  boiler  corrosion,  and  he  was  quite 
convinced  that  the  question  of  oxygen  in  the  feed-water  was  one 
of  the  utmost  importance.  The  Author  considered  that  the  action 
of  water  and  oxygen  first  produced  ferric  hydroxide,  a  similar  action 
to  that  which  took  place  in  corrosion  at  normal  temperatures. 
He  (the  speaker)  was  not  sure,  however,  that  the  actions  were  similar 
in  a  boiler  where  the  temperature  was  somewhere  of  the  order  of 
200°  C.  In  the  deoxidizing  of  water  by  iron,  the  interesting  point 
was  the  reduction  of  the  FcaOs  in  contact  with  the  iron  in  the  absence 
of  oxygen.  At  the  point  of  entry  the  Fe203  existed  as  a  maximum, 
but  by  passing  the  water  in  the  other  direction  a  dark  greenish- black 
compound  was  obtained.  It  was  an  action  which  had  been  very 
largely  overlooked,  although  it  was  mentioned  in  the  old  text-books  ; 
for  instance,  a  very  interesting  account  of  that  action  would  be  found 
in  Gmelin's  Chemistry  (vol.  v,  p.  185  :  1851).  The  Author  had 
postulated  the  formation  of  a  hydrated  magnetic  oxide  Fe3(OH)8. 
He  (Professor  Brame)  would  like  to  know  whether  there  was  any 
basis  of  analysis  for  such  a  formula.  It  was  most  difficult  to  get 
consistent  results  for  the  analysis  of  any  of  those  products  of 
oxidation  except  the  fully  hydrated  oxide.  From  most  forms  of 
rust  a  considerable  proportion  of  a  magnetic  oxide  could  be  separated 
by  grinding  them  up  to  a  very  fine  state  of  division  and  flowing  them 
by  means  c^  water  past  a  powerful  magnet.  One  was  so  accustomed 
to  look  upon  it  that  the  formation  of  ordinary  Fe304,  either  as 
FesO^  or  in  the  hydrated  form,  was  only  produced  imder  special 
conditions  that  it  was  somewhat  surprising  to  find  that,  if  a  plate  of 
iron  was  left  just  awash  in  water,  so  that  plenty  of  oxygen  could 
get  through,  the  red  rust  formed  first  of  all,  and  that  as  the 
mass  was  built  up  there  was  formed  underneath  a  darkish  green  or 
almost  black  compound  which  was  strongly  magnetic.     Those  were  all 
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reactions  which  related  to  the  question  of  separating  the  oxygen  from 
the  water  by  the  iron  process,  and  in  addition  they  must  play  a 
very  important  part  in  the  whole  question  of  corrosion.  The 
solution  of  the  problem  lay  very  largely  in  finding  out  first  of  all 
what  types  of  action  were  involved. 

The  Author  had  referred  to  magnesium  chloride.  It  had  had  a 
lot  of  sins  to  bear  and  a  lot  of  burdens  to  carry,  but  he  was  not  sure 
that  it  was  such  a  sinner  as  it  had  been  made  out  to  be.  If  the  whole 
of  the  magnesium  chloride  remained  in  solution,  he  thought  it  was 
very  doubtful  whether  that  action  of  hydrolysis  producing  the 
hydrate  and  free  acid  actually  did  take  place,  but  it  had  been  shown 
by  Hof  that  the  development  of  free  acid  only  "became  an  appreciable 
reaction  when  the  magnesium  chloride  was  left  as  a  deposit  on 
the  side  of  the  vessel  during  evaporation. 

Dr.  W.  R.  Ormaxdy  said  that  a  considerable  number  of  years 
ago  he  had  had  a  great  deal  to  do  with  the  installation  of  water- 
softening  plants,  and  the  experience  which  he  had  thus  gained  made 
him  very  cautious  in  expressing  any  opinion  upon  the  reactions 
which  took  place.  Particularly  was  this  true  regarding  the  mutual 
reactions  taking  place  between  oxygen  and  carbon  dioxide  in 
the  presence  of  iron.  Unlike  Professor  Brame,  he  thought  that 
hydrolysis  played  an  important  part.  A  previous  speaker  stated 
that  he  did  not  find  much  evidence  of  electrolytic  effects.  It  seemed 
to  him  that  the  extraordinary  effects  of  local  corrosion,  spotting^  in 
a  boiler  must  to  some  extent  be  attributable  to  the  heterogeneous 
nature  of  the  metal  which  was  employed.  He  thought  most  of 
the  members  who  had  had  a  good  deal  to  do  with  boilers  would 
remember  occasions  when  an  old  boiler,  made  in  th*days  when 
puddled  iron  was  used,  resisted  all  the  waters  used  in  it  and  gave 
no  signs  of  corrosion,  but  when  that  boiler  was  displaced  by  a  steel 
boiler  then  entirely  different  results  were  obtained,  even  with  the 
same  water  which  had  been  used  successfully  in  the  wrought-iron 
boiler.  It  seemed  to  him  that  that  might  be  attributed  to  the  fact 
that  the  steel  almost  invariably  contained  segregations  rich  in 
manganese.     It  was  known,  not  only  from  the  experiments  which 
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had  been  described  in  the  Paper,  but  from  other  work  that  had  been 
done  on  the  subject,  that  manganese  was  an  extraordinary  material 
for  acting  as  a  carrier  of  oxygen.  It  was  mixed  with  potassium 
chlorate  in  order  to  get  oxygen  oS,  and  manganese  sulphate  was 
added  in  many  reactions  because  it  acted  as  an  oxygen  carrier.  In 
many  ways  it  was  an  ideal  substance  for  the  purpose. 

It  was  difficult  to  grasp  the  details  of  the  Author's  continuous 
process,  but  it  was  clearly  intended  primarily  for  power-stations  and 
marine  work  where  surface  condensers  were  employed.  He  would 
like  to  point  out,  however,  that  more  boilers  were  probably  employed 
in  producing  steam  for  industrial  operations  where  the  condensed 
water  could  not  be  returned  to  the  boiler.  This  led  one  to  inquire 
as  to  the  possibilities  of  the  application  of  the  de-oxygenizing 
process  in  its  application  to  such  boilers.  It  was  a  very  fortunate 
thing  that  the  curve  for  the  rate  of  the  degassing  reaction  was  such 
that  at  a  temperature  of  90°  to  100°  F.,  a  very  considerable  velocity 
liad  already  been  acquired,  because  that  was  about  the  temperature 
at  which  every  engineer  desired  the  water  to  go  into  his  economisers. 
It  might,  therefore,  be  assumed  that  water  could  be  heated  by  waste 
steam  to  90°  F.,  sent  through  a  de-oxidizing  machine,  and  then 
passed  through  the  economisers.  Incidentally,  eighteen  months  or 
two  years  ago,  when  getting  quotations  for  economisers,  he  came  to 
the  conclusion  that  the  makers  were  going  to  get  over  the  difficulty 
by  silver-plating  thom  inside. 

He  would  like  to  know  whether,  the  Author  could  say  anything 
about  the  influence  of  traces  of  alkali  on  the  rate  of  the  removal  of 
oxygen  from  boiler  feed- water,  because,  as  the  members  were  aware, 
it  was  almost  impossible  to  soften  a  water  by  any  of  the  ordinary  types 
of  lime  soda  softening  plants  to  within  anything  below  7  grains  per 
100,000  without  having  a  certain  amount  of  free  alkalinity.  He  had 
met  with  a  case  of  natural  water  which  was  so  pure  that  it  contained 
only  2  parts  of  solids  per  100,000,  but  which  seriously  corroded 
steel  boilers,  and  yet  the  addition  of  2  grains  per  100,000  of  caustic 
soda  inhibited  that  corrosion  absolutely.  He  would  like  to  know 
if  the  presence  of  free  alkali  in  any  way  had  that  effect  of  stopping 
the  absorption  of  oxygen  in  the  degasser,  or  whether  it  necessitated 
the  use  of  much  larger  degassers. 
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Jlr.  "William  H.  Patchell  (Vice-President)  said  that  some  of 
the  members  had  been  striving  for  a  long  time  to  obtain  closer 
association  between  the  engineer  and  the  chemist,  and  that  had  been 
brought  about  on  the  present  occasion.  The  entente  cordiah  had 
been  much  in  evidence  during  the  last  five  years,  and  it  had  led  to 
surprising  changes,  and  he  was  glad  that  through  the  good  services 
of  M.  Kestner  it  had  led  to  the  Society  of  Chemical  Industry  joining 
with  the  Institution  in  the  present  Meeting.  Both  Sir  WiUiam  Pope 
and  Captain  Sankey  had  said  it  was  the  inaugural  meeting  of  the 
two  bodies.  He  understood  that  it  also  set  a  precedent  for  the 
Society  of  Chemical  Industry,  in  that  he  5id  not  beheve  they  had 
ever  dared  to  meet  anybody  else  before  !  He  hoped  the  result  of 
the  combination  would  be  thoroughly  satisfactory. 

M.  Paul  Kestner,  in  reply,  said  he  was  much  obliged  to  the 
members  for  the  kind  reception  that  had  been  accorded  to  him.  He 
was  glad  to  hear  the  President,  Sir  William  Pope,  and  IVIr.  Patchell 
agree  with  the  suggestion  he  had  made  that  the  engineer  and  the 
chemist  should  work  hand  in  hand,  and  that  it  would  be  of  very 
great  benefit  to  their  industries.  He  would  reply  to  the  discussion 
in  writing. 

Tiie  Meeting  tlien  terniinated. 


Communications. 


Mr.  E,  W.  Bailey  wrote,  in  reply  to  Professor  Brame's  question 
relating  to  the  character  of  the  oxide  coat,  that  he  was  struck  by 
the  remarkable  uniformity  and  consistency  in  the  action  of  their 
experimental  deoxidizer,  as  shown  by  a  period  of  operation  of  two 
to  three  months  with  only  short  stoppages  at  intervals  for  inspection 
or  alteration  in  the  number  of  sheets.  During  these  runs  no 
spottiness  in  the  oxide  coating  occurred,  which  was  very  uniform 
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in  colour,  red  on  the  outside  and  greenish  black  below  and  next 
the  metal.  Probably  the  uniform  conditions  of  flow,  that  could 
be  obtained  with  expanded  metal,  accounted  for  the  absence  of  a 
patchy  coat.  It  would  be  interesting  to  know  whether  spottiness 
had  been  experienced  with  iron  turnings,  and  he  would  like  to  ask 
for  the  Author's  experience  on  this  point. 

With  respect  to  the  physical  method  of  degassing  described  by 
the  Author,  namely,  by  exposing  water  to  a  reduced  pressure,  the 
action,  of  course,  depended  upon  the  magnitude  of  the  partial 
pressure  of  the  gas  in  the  atmosphere  to  which  the  water  under 
treatment  was  subjected,  and  this  could  be  arranged  to  be  very  low 
indeed,  although  the  total  pressure  might  be  appreciable.  Thus 
water  exposed  to  an  atmosphere  of  steam  if  finely  divided  would  be 
degassed,  because  the  partial  pressure  of  gas  there  might  be  ml  or 
very  smaU.  In  appreciating  the  advantages  of  the  Author's 
continuous  blow-down  hot  purification  system  of  treatment,  it  was 
to  be  noticed  that  the  inlet  feed-water  underwent  degassing  in  this 
maimer.  To  exploit  this  method  to  the  full  extent,  however,  it  was 
necessary  to  draw  ofi  the  gas  liberated  in  order  to  have  a  low  gas 
partial  pressure.  He  would  like  to  ask  to  what  extent  this  was 
done.  Instead  of  spraying  water  into  an  atmosphere  of  steam,  a 
similar  result,  though  not  so  complete,  would  occur  if  steam  was 
bubbled  through  water.  This  happened  in  steam-boilers.  A  bubble 
of  steam  formed,  having  initially  a  gas  partial  pressure  nil  or  very 
small,  and  as  it  rose  it  had  a  degassing  action  upon  the  water  at 
its  boundary.  This  was  going  on  throughout  the  whole  mass  of  the 
water,  and  thus  it  was  that  a  large  proportion  of  the  dissolved  gases 
was  conveyed  to  the  steam  space  and  away  to  carry  on  corrosion 
of  the  plant  beyond.  This  action  of  steam  bubbles  was  not 
generally  appreciated. 

Messrs.  J.  H.  Coste  and  W.  E.  F.  Powney  wrote  that  the  general 
question  of  gases  dissolved  in  water  was  discussed  at  length  by  one 
of  the  writers  in  1917  and  1918.*     Since  then  they  had  had  occasion 

*  Jour.  Soc.  Chem.  lud.  xxxvi,  p.  8-iG,  xxxvii,  p.  170. 
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to  investigate  the  nature  and  amount  of  both  gases  and  solids 
dissolved  in  the  water  and  associated  with  the  steam  in  a  large 
power  plant.  They  were  generally  in  agreement  with  M.  Kestner, 
but  on  some  points  tliey  were  unable  to  confirm  his  views.  The 
greatly  increased  velocity  of  the  softening  process  when  it  was 
carried  out  at  an  elevated  temperature  was  undoubted.  They 
could  not,  however,  think  that  many  boiler  waters  contained  so 
much  calcium  sulphate  that  it  would  be  partially  precipitated  during 
the  softening  process.  The  solubility  reached  a  maximum  at  about 
40°  C,  and  at  100°  was  about  120  per  100,000  of  water. 

The  view  that  magnesium  chloride  was  hydrolytically  dissociated 
in  dilute  solutions  vnth  actual  liberation  of  hydrochloric  acid  was, 
m  their  opinion,  based  on  a  misreading  of  Casaseca's  Paper.* 
MgQzeaq  seemed  to  be  the  stable  form  to  116-67°  and  between  this 
and  181  -5  MgCl24aq,  after  his  MgClo2aq.  See  also  Cribb  (Analyst 
XXV,  1900,  1G9).  As  properly  softened  boiler  waters  were  usually 
more  alkaline  than  P^=  8,  the  question  of  free  acid  could  hardly 
come  in.  They  were  unable  to  agree  with  the  view  that  the  Author 
appeared  to  hold  that  sodium  carbonate  alone  was  better  for 
softening  than  a  mixture  of  this  and  lime.  Lime  had  the  great 
advantage  of  adding  no  soluble  salts  to  the  water,  of  removing 
magnesia  from  solution,  owing  to  the  low  solubiUty  of  magnesium 
hydroxide  and  of  directly  reducing  the  admittedly  very  small 
hydrion  concentration  due  to  carbonic  acid.  The  corrosion  of 
boiler  x^lates  or  of  turbine  blades  was  undoubtedly  due,  as  the 
Author  stated,  to  dissolved  oxygen.  Its  action,  however,  appeared 
frequently  to  be  that  of  a  depolarizer,  removing  the  ferrous  ion 
from  solution  and  forming  finally  that  oxide  which  was  in  equilibrium 
with  water  at  high  temperatures,  FcaO^.  It  was  the  presence  of 
dissolved  oxygen  alone  which  allowed  the  action  of  carbonic  acid 
or  of  saline  electrolytes  to  be  continuous. 

They  had  found  that  water  condensed  in  the  very  diminished 
pressure  obtained  in  the  condenser  of  a  large  turbine  fitted  with 
separate  and  efficient  water-  and  air-pumps  was  almost  free  from 

*  Comp.  Rend.  1863,  xxxvii,  p.  350. 
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oxygen,  whilst  that  from  a  condenser  fitted  with  a  single  pump 
for  gas  and  water  might  even  be  supersaturated.  The  almost 
air-free  water  took  up  a  considerable  proportion  of  oxygen— about 
25  per  cent  of  that  required  for  saturation  in  flowing  over  a  V 
notch  and  cascading  down  into  the  pipe  leading  to  the  feed-water 
heater.  No  doubt  the  turbulent  flow  was  accountable  for  most  of 
this,  not  the  steady  flow  with  unbroken  surface  over  the  V  notch. 
In  feed-water  heater  and  open  hot-well  the  concentration  of  dissolved 
oxygen  woidd  be  about  70  per  cent  of  saturation.  Some  reduction, 
principally  shown  indirectly  by  rusting  in  the  water,  but  also  by 
the  reduced  proportion  of  oxygen  relative  to  "  nitrogen,"  *  was 
found  at  the  inlet  of  the  economiser.  The  water  at  the  outlet  was 
difiicult  to  sample  satisfactorily,  but  the  steam  delivered  to  a 
turbine  had  been  examined  and  found  to  contain  much  less  oxygen 
than  would  correspond  to  the  nitrogen  in  solution,  showing  a  loss 
of  oxygen  in  the  economisers  and  boilers.  Some  carbon  dioxide 
was  also  found. 

The  writers'  experience  with  condensers  fitted  with  efiicient 
air-pumps  convinced  them  that,  at  least  as  a  counsel  of  perfection, 
the  soundest  way  of  securing  water  free  from  dissolved  oxygen  was 
to  allow  no  opportunity  for  the  water,  which  could  be  condensed 
practically  gas-free,  to  absorb  any.  That  is,  to  use  as  far  as  possible 
a  closed  circuit.  If  the  make-up  water  was  kept  down  to  a  minimum, 
suitable  chemical  or  physical  means,  which  might  be  such  as  tlie 
Author  suggested,  could  be  used  for  degassing  it. 

M.  Kestner  appeared  to  state  that  water  at  100°  C.  and  atmospheric 
pressure  stiU  retained  a  considerable  proportion  of  oxygen  in 
solution.  This  was  correct  in  so  far  as  the  evolution  of  air  required 
time,  but  there  were  several  boiling-cut  processes  for  determining 
the  gases  dissolved  in  water  which  gave  substantially  exact  results, 
although  Leduc  had  shown  that  freezing  was  the  most  eflS.cient 
means  of  degassing  water.  Of  course,  water  at  100°  C.  under  air, 
when  the  partial  pressure  of  the  air  was  760  mm.,  would  dissolve 
about  3  cm^  per  litre  of  oxygen.    In  any  physical  degassing  process 

*  i.e.,  nitrogen  plus  argon. 
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based  on  the  use  of  an  elevated  temperature  or  reduced  pressure 
or  both,  it  was  important  to  use  appropriate  means — spraying, 
dripping  through  small  apertures,  agitation,  etc. — to  obtain  as  large 
a  surface  of  contact  between  the  water  and  the  atmosphere  to  which 
it  was  exposed. 

Mr.  Percy  G.  Jackson  wrote  that  he  did  not  entirely  agree  with 
the  Author's  remarks  in  connexion  with  the  continuous  blowing- 
down  of  boilers.  He  had  known  cases  in  which  this  had  been 
particularly  useful,  but  he  did  not  look  upon  it  as  generally  necessary. 
The  Author  stated  that,  in  order  that  periodic  blowing-ofE  from  the 
lowest  point  in  the  boiler  might  be  effective,  a  large  quantity  of 
water  must  be  blown  ofi  at  each  operation.  In  the  writer's  opinion 
this  was  not  at  all  necessary.  If  the  periodical  blowing-ofE  was  for  the 
purpose  of  preventing  the  accumvdation  of  mud,  the  opening  of  the 
blow-ofi  cock  for  a  few  seconds  at  a  time  was  aU  that  was  necessary. 

He  deprecated  most  strongly  the  idea  of  returning  the  blown-off 
water  to  the  boiler.  Though  the  Author  removed  the  suspended 
impurities  by  passing  the  blow-off  water  through  a  settling  chamber, 
he  (the  writer)  did  not  see  how  any  of  the  saline  impurities  could 
be  removed,  as  the  Author  appeared  to  suggest.  No  boiler  should  be 
worked  with  a  saline  concentration  exceeding  about  5,000  grains  per 
gallon,  and  as  the  solubility  of  all  salts  likely  to  be  present  in  the  water 
exceeded  this,  even  at  a  temperature  as  low  as  25°  C,  he  could  not 
understand  how  they  could  be  renaoved  by  the  simple  process  of 
cooUng  the  blow-off  water  ;  and  in  the  case  of  calcium  sulphate,  if 
present,  this  being  more  soluble  at  the  lower  temperatures  than  at  the 
temperature  of  the  boiler,  it  W(juld  have  a  tendency  to  redissolve 
rather  than  to  be  precipitated.  As  the  prevention  of  undue 
accumulation  of  saline  constituents  was  one  of  the  two  purposes  for 
which  blowing  down  was  desirable,  it  appeared  that  the  object  was 
defeated  by  returning  it  to  the  boiler.  The  lower  the  saline 
concentration  in  the  boiler  the  better,  particularly  if  nitrates  were 
present.  The  heat  lost  by  allowing  blown-off  water  to  run  to  waste 
was  so  slight,  provided  the  blowing-off  was  not  excessive,  that  he 
could  see  no  useful  purpose  in  returning  it  to  the  boiler. 
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Mr.  Philip  L.  Riviere  wrote  that  he  would  like  to  support  very 
strongly  all  that  M.  Kestner  had  said  on  the  necessity  for  closer 
co-operation  between  the  chemist  and  the  engineer.  At  the  London 
County  Council  Tramways  Power  Station  at  Greenwich,  where  for 
some  considerable  time  now  they  had  been  fortunate  in  having  the 
assistance  of  a  fully  qualified  chemist  working  under  the  supervision 
of  the  London  County  Council  Chief  Chemist,  the  results  following 
on  the  chemical  work  carried  out  had  been  most  gratifying. 

With  regard  to  the  question  of  blowing-down  boilers,  they  had 
had  at  Greenwich  the  usual  difficulties  in  deciding  on  the  proper 
quantity  of  water  to  be  blown  out  from  time  to  time,  and  they  were 
not  assisted  to  any  great  extent  by  considering  the  procedure  adopted 
elsewhere,  as  there  appeared  to  be  no  standard  test  adopted  for  the 
determination  of  the  degree  of  concentration  of  salts  in  boiler 
waters,  and  no  agreed  definite  limit  to  the  degree  of  concentration 
of  solids  allowable  before  blowing  down  was  considered  necessary _ 
As  a  result  of  the  work  carried  out  by  the  chemist,  it  was  decided 
that  the  chlorine  content  of  the  boiler  water  should  be  taken  as 
a  measure  of  the  solids  present  in  the  water,  and  a  figure  of  400 
parts  of  chlorine  per  100,000  parts  of  boiler  water  was  taken  as 
representing  the  concentration  allowable  in  ordinary  circumstances. 
When  boiler  water  was  analysed  and  the  chlorine  content  ascertained, 
the  "  alkalinity  "  was  also  taken,  and  for  the  conditions  existing  at 
Greenwich,  it  had  been  found  that  Chlorine  +  Alkalinity  x  3  = 
the  total  solids  present  in  parts  per  100,000. 

^^^len  taking  samples  of  water  from  boilers  for  analysis,  it  had 
been  foimd  that  great  care  should  be  taken  to  ascertain  which  position 
on  the  boiler  was  most  likely  to  give  samples  that  would  be 
consistent  and  furnish  reliable  figures  on  which  the  general  condition 
of  the  boiler  water  could  be  determined.  Under  the  conditions 
prevailing  at  Greenwich,  where  Babcock  and  Wilcox  boilers  were 
set  in  pairs  and  were  fed  through  feed  check-valves  on  each  drum 
supplied  by  means  of  a  pipe  controlled  by  a  hand  regulated  feed- 
valve  for  each  boiler,  it  was  foimd  that  the  concentration  of  solids 
in  the  outside  drum  was  usually  from  4  to  5  times  as  high  as  the 
concentration  in  the  inside  drum.     The  analysis  of  the  feed-water  at 
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Greenwich  gave  the  following  general  results  over  a  period  of  three 
months  :  Alkalinity  0-91,  Chlorine  0-71,  Hardness  0-73,  while  for 
the  same  period  the  corresponding  figures  for  the  make-up  feed  were  : 
Alkalinity  6-8,  Chlorine  2-5,  Hardness  4-2,  all  figures  representing 
parts  per  100,000.  It  had  been  found  that,  in  the  case  of  the  Babcock 
and  Wilcox  boilers,  which  were  emptied  and  refilled  with  ordinary 
feed- water  once  every  six  or  seven  weeks  when  cleaning  was  carried 
out,  the  concentration  of  solids  never  exceeded  200  parts  of  chlorine 
per  100,000,  and  therefore  no  blowing  down  was  necessary  beyond 
opening  and  closing  the  blowdown  cocks  ouce  per  week  to  ensure 
that  they  were  in  working  order. 

In  the  case  of  the  Stirling  boilers,  the  allowable  concentratioTi 
had  been  temporarily  restricted  to  50  parts  of  chlorine  per  100,000, 
pending  an  alteration  to  these  boilers,  and  it  was  found  that  this 
figure  was  reached  in  from  three  to  five  weeks,  depending  on  the 
work  done  by  the  individual  boilers.  When  the  concentration 
reached  the  figure  given,  the  boilers  were  blown  down  to  the  extent 
of  about  250  gallons  each  night  for  four  nights,  when  it  was  found 
that  the  chlorine  content  had  been  reduced  from  50  to  30  jiarts  per 
100,000,  after  which  the  boiler  would  usually  steam  for  about  from 
10  to  14  days  before  blowing  down  was  again  necessary.  In 
consequence  of  the  comparatively  small  amount  of  water  blown  down, 
the  amount  of  make-up  feed  used  was  a  small  percentage  of  the 
total  water  evaporated.  Under  modern  conditions,  apart  from 
slight  condenser  leakage,  the  make-up  feed  being  the  only  way  in 
which  solids  could  be  fed  into  the  boilers,  the  importance  of 
restricting  the  amoimt  of  make-up  feed  required  was  at  once 
apparent.  From  the  results  obtained  at  Greenwich,  where  the  make- 
up feed  was  from  3 J-  to  5  per  cent,  it  would  appear  quite  reasonable 
to  expect  that  in  a  large  modern  power-station  the  percentage  of 
make-up  feed  should  not  exceed  from  3  to  4  per' cent  of  the  total 
water  evaporated.  The  water  blown  out  of  the  boilers  did  not  as 
a  rule  exceed  about  3*5  per  cent  of  the  make-up  feed,  but  this  did 
not  include  the  complete  changing  of  water  when  boilers  were  laid 
off  for  cleaning. 

The  water  blown  out  of  the  boilers  when  under  steam,  together 
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with  the  water  emptied  out  ^Yhen  boilers  were  emptied  for  cleaning, 
represented  about«j7'5  per  cent  of  the  make-up  feed.  In  order  to 
keep  a  close  check  on  the  amount  of  make-up  feed  used  and  the 
amount  of  water  blown  out  of  the  boilers,  they  had  a  meter  on  the 
make-up  feed  main  and  a  "  Lea  "  Recorder  on  the  blow-down  pipe- 
line, the  introduction  of  the  latter  having  proved  particularly  effective 
in  preventing  waste  of  water,  through  stokers  having  to  lower  the 
water  level  in  banked  boilers  the  feed-checks  on  which  were  leaking, 
and  through  the  tendency  to  blow  out  water  when  the  water  level 
in  working  boilers  had  become  dangerously  high  owing  to  lack  of 
attention. 

From  their  experience  at  Greemvich,  it  was  difficult  to  conceive 
of  a  set  of  conditions  which  would  justify  the  installation  of  M. 
Kestner's  continuous  blow-down  system,  as  it  would  appear  that  the 
limit  of  concentration  of  solids  in  the  boiler  water  would  have  to  be 
considerably  higher  than  was  usually  considered  desirable,  before 
the  action  of  separating  out  he  described  could  take  place  at  the 
temperatures  mentioned.  The  amount  of  water  to  be  blown  out 
in  the  ordinary  way  in  a  well-managed  boiler  plant  would  be  so 
small  that  it  would  be  very  difficult  to  control  the  quantity  within 
reasonable  limits,  as  considerable  trouble  would  be  expected  with 
regulating  valves  which  would  have  to  be  operated  under  very 
severe  conditions.  He  would  like  to  know  whether  the  Author  had 
determined  the  degree  to  which  he  considered  the  various  solids 
contained  in  boiler  waters  might  be  allowed  to  concentrate  before 
it  was  necessary  to  blow  down  through  his  apparatus,  and  which 
method  of  determining  the  degree  of  concentration  he  had  found 
most  reliable  under  ordinary  operating  conditions. 

With  regard  to  -\I.  Kestner's  proposals,  regarding  the  degassing 
of  feed-water,  it  would  appear  that,  in  order  to  keep  down  the 
quantity  of  deoxidizing  material  used  to  a  reasonable  figure,  it  was 
necessary  to  arrange  either  for  a  closed  circuit  system  or  that 
deaeration  should  be  carried  out  to  a  certain  extent  by  physical 
means  before  the  water  passed  into  the  Paris  degasser.  As  a  result 
of  very  careful  observation  and  readings  taken  over  a  period  of 
seven  davs,  it  was  found  that,  at  Greenwich  with  a  load  curve  as 
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shown  in  Fig.  20,  they  required  a  hot-well  capacity  of  about  1,200 
cubic  feet  to  provide  for  the  variation  in  the^  quantity  of  water 
carried  in  the  hot-wells  as  reserve  at  difierent  periods  of  the  day. 
This  hot-well  capacity  represented  about  0-026  cubic  foot  per  kw. 
of  plant  installed  and  appeared  to  be  necessary,  principally  on 
account  of  the  varying  water-level  in  the  boilers,  of  which  the  feed 
was  hand-regulated.  Although  no  doubt  the  capacity  required  in 
the  hot-wells  could  be  reduced  considerably  by  the  introduction  of 
feed-water  regulators,  they  would  still  require  to  have  a  large  quantity 
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of  water  in  reserve  to  provide  for  variation  in  demand  on  the  hot- 
wells,  and  it  was  at  this  point  that  the  difficulties  of  degassing 
appeared. 

When  condensate  left  the  condenser,  it  was,  on  account  of  the 
high  vacuum  now  usually  attained,  almost  quite  free  from  oxygen, 
and  in  this  state  it  was  particularly  liable  to  absorb  a  further  quantity 
when  exposed  to  the  atmosphere,  even  for  short  periods.  Some  time 
ago  tests  were  made  at  Greenwich  to  determine  the  amount  of 
oxygen  present  in  the  condensate  from  one  of  the  turbine  sets,  and 
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the  following  figures  were  obtained  from  samples  taken  at  the  points 
given : — 


1 

Dissolved  Oxygen. 

Temperature  , 
of  Water  °F.  ' 

Cm'  per 

Litre. 

Lb.  per 
Million 
Gallons. 

Saturation. 

1 — 

1  Condensate  at — 

Per  cent. 

(1)  Lea  Recorder 

Inlet 

70 

0-136 

1.9 

1-6 

(2)  Lea  Recorder 

.  Outlet 

70 

2-14 

3-0 

26-2 

(3)  Feed-Heater 

.  Outlet 

133 

3-82 

54-6 

910 

(4)  Hot-weU      . 

.     .     . 

110 

4-22 

60-3 

93-3 

In  taking  tests  to  determine  the  amount  of  oxygen  present  in 
condensate  from  various  sets,  it  had  been  found  that,  in  the  case 
of  Edwards'  air-pumps,  dealing  both  with  air  and  water,  the 
condensate  was  frequently  found  to  be  super-saturated  with  oxygen, 
while,  in  the  case  of  sets  where  the  air  and  condensates  were  dealt 
with  by  separate  pumps,  the  amount  of  oxygen  present  in  the 
condensate  was  abnost  neghgible.  The  difficulty  of  storing  water 
free  from  air,  and  at  the  same  time  aUowing  for  considerable  variation 
in  level,  was  readily  apparent,  and  the  writer  would  be  glad  if  M. 
Kestner  could  indicate  in  what  way  he  proposed  to  provide  for 
suitable  hot-weU  capacity,  such  as  was  required  in  large  power- 
stations. 

M.  Paul  Kestner  wrote  that  modern  research  in  the  metallurgy 
of  iron  and  steel  had  been  chiefly  directed  to  improve  their  physical 
and  mechanical  resistance,  and  it  was  noticeable  that  this  had  been 
at  the  expense  of  their  chemical  resistance.  Steel,  which  replaced 
wrought-iron  everywhere  to-day,  had  a  much  lower  resistance  to 
chemical  reagents  and  the  atmosphere  than  the  latter,  and  there 
were  wrought-iron  fire-bars  forged  in  the  eighteenth  century  which 
were  still  in  a  perfect  state  of  preservation.  There  could  be  seen,  in 
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sugar  factories  in  the  Colonies,  rails  and  rolling  stock  made  at  the 
beginning  of  the  sugar  industry  which  were  still  doing  good  service, 
whilst  similar  material  of  recent  origin  had  rusted  after  a  very  few 
years'  use. 

Referring  to  Pro  fessorHinchley's  remarks  (page  332),  the  material 
used  in  degassers  was  not  manganese  cast-iron  but  manganese  steel, 
cast-iron  not  being  readily  oxidizable  when  exj)osed  to  the  air.  The 
presence  of  graphitic  carbon  in  general  indicated  a  feebly  oxidizable 
substance,  even  in  the  presence  of  manganese.  Manganese  steel  in 
which  the  carbon  was  in  the  combined  state  was  most  favourable 
for  oxidation.  In  addition,  it  would  be  impossible  to  obtain  very 
long  and  thin  turnings  if  manganese  cast-iron  were  used.  There 
were  no  traces  of  sulphur  in  the  turnings  used. 

Replying  to  Mr.  Arthur  Spyer  (page  332),  good  results  could  not 
be  obtained  if  ordinary  turnings  were  employed,  as  they  tended  to 
pack  and  channels  were  formed.  Special  turnings  were  therefore 
used  made  in  the  form  of  ribbon  from  4  feet  to  5  feet  long.  These 
gave  a  very  homogeneous  mass  and  had  proved  quite  successful 
in  practice.  By  the  old  process  it  was  found  that  the  turnings  were 
used  up  and  collected  in  heaps  ;  the  fillings  also  broke  and  crumbled 
on  becoming  rusty.  Washing  broke  them  still  further,  and  the  rust 
made  them  less  able  to  absorb  the  oxygen.  In  the  process  of 
regeneration  this  was  avoided  ;  the  mass  kept  its  reducing  properties 
sensibly  constant  imtil  completely  used  up. 

The  distilled  water  produced  in  evaporators  had  the  same 
oxygen  content  as  the  water  before  distillation,  owing  to  the  oxygen 
remaining  in  the  vapour.  This  must  therefore  be  degassed  within 
the  same  limits  as  other  boiler  feed-water.  If  it  were  desired  to  avoid 
concentration  in  the  boilers,  the  blow-down  must  be  taken  into 
account,  particularly  where  boilers  were  using  purified  water  only, 
without  return  of  condensed  water,  as  the  boiler  feed-water,  after  its 
passage  through  the  purifier,  contained  soluble  salts.  These  consisted 
of  soda,  sulphate  of  soda,  and  chloride  of  sodium.  In  general, 
carbonate  of  soda  was  present  in  the  greatest  quantity  ;  sulphate 
of  soda  only  existed  to  any  amount  in  water  of  great  permanent 
hardness,  and  the  chloride  of  sodium  only  existed  in  water  which 
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contained  it  originally,  or  which  contained  chloride  of  magnesium. 
In  all  purified  waters  there  was  carbonate  of  lime  in  solution, 
concentrated  to  saturation  point  at  the  temperature  at  which 
purification  took  place.  All  these  salts  concentrated  in  the  boiler 
except  the  carbonate  of  soda,  which  concentration  was  limited  by 
the  continuous  blow-down,  and  the  carbonate  of  calcium,  whose 
solubility  was  low  and  could  not  exceed  its  saturation  at  the  boiler 
temperature.  The  latter  salt  gave  rise  to  the  formation  of  muds 
which  were  removed  by  the  continuous  blow-down  and  deposited 
in  the  purifier  ;  thus  there  remained  sulphate  of  soda  and  chloride 
of  sodium.  These  salts  concentrated  until  they  were  deposited  in 
the  purifier,  due  to  the  difierence  of  solubility  at  the  difierent 
temperatures  obtaining  in  the  boiler  and  purifier,  these  deposits 
being  in  proportion  to  the  diSerence  of  saturation  percentages  at 
the  two  temperatures.  This  concentration  represented  for  each  of 
these  two  salts  more  than  300  grammes  per  litre.  Such  an  increase 
would  produce  mud  in  the  boilers  and  an  elevation  of  the  boiling 
point ;  thus  it  must  be  avoided. 

Mud  was  produced  in  the  boilers  from  the  moment  that  a  certain 
limit  of  viscosity  was  passed ;  and  the  latter  was  a  function  of  the 
concentration  and  the  temperatm-e.  The  elevation  of  boiling  point 
followed  the  Raoult's  law.  If  one  exterpolated  for  the  saturation 
concentrations,  and  applied  the  formula 

T  =^^^ 
M 

C  being  the  concentration,  and  M  the  molecular  weight  of  salt 

dissolved,  then  it  was  found  for  a  concentration  of  1  per  cent  an 

increase  of  0*088  and  for  30  per  cent  2  •  64.  The  elevation  of  boiling 

point  corresponded  to  a  very  slight  diininution  of  vapour  tension 

and  did  not  sensibly  afiect  evaporation  in  the  boilers.    In  practice 

it  was  found  impossible  to  obtain  perfectly  dry  steam,  and,  if  the 

concentration  in  the  boiler  were  raised,  the  water  entrained  by  the 

steam  would  contain  a  larger  quantity  of  dissolved  salts  and  thus 

a  larger  quantity  in  the  condensed  water.     The  presence  of  these 

salts  in  the  steam  was  apt  to  deposit  sediment  in  the  tubes  of  the 

superheaters  and  to  attack  the  turbine  blading.    The  concentration 

2  A. 
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ill  tlic  boilers  must  therefore  be  limited,  the  maximum  depending 
on  the  initial  concentration  of  dissolved  salts  in  the  purified  water, 
and  this  limit  was  again  dependent  upon  the  type  of  boiler. 

It  has  just  been  shown  that  there  are  numerous  physical  reasons 
for  avoiding  concentration  in  boilers  ;  but  on  the  other  hand, 
reasons  of  a  chemical  nature  opposed  too  low  concentrations.  The 
work  of  Friend  and  Brown  and  Heyn  and  Bauer,  had  proved  that 
there  existed  for  each  salt  critical  low  concentrations  for  which  the 
attack  of  the  iron  was  a  maximum,  and  that  this  attack  diminished 
sensibly  for  higher  concentrations.  For  carbonate  of  soda  a 
concentration  was  rapidly  reached,  not  only  Avhere  the  attack  of 
the  iron  was  stopped,  but  even  where  the  soda  protected  the  metal 
against  the  action  of  other  salts  ;  whilst  the  action  of  chloride  and 
sulphate  of  soda  decreased  proportionately  with  the  concentration, 
but  at  saturation  point  it  was  still  appreciable.  It  was  necessary, 
according  to  the  above-mentioned  Authors,  that  the  soda  should 
reach  a  concentration  in  the  boiler  of  more  than  1  per  cent,  and  it 
could  be  affirmed  that  for  concentration  of  1  per  cent,  the  corrosive 
action  of  the  other  salts  was  sensibly  lessened.  This  latter  case 
corresponded  with  that  obtained  with  continuous  blow-down.  To 
sum  up,  in  the  case  of  i)urilication  by  continuous  blow-down,  the 
limitation  of  concentration  in  the  boilers  ought  to  be  governed  by 
physical  reasons  and  be  determined  quantitatively  for  each  case. 
There  were  two  methods,  chemical  and  physical,  for  limiting 
the  salt  content  in  boilers  : — 

The  Chemical  method  applied  particularly  to  waters  rich  in 
sulphate  of  calcium.  It  consisted  of  introducing  in  the  purifier 
carbonate  of  baryta  which,  by  double  decomposition  Avith  the 
sulphate  of  calcium,  gave  carbonate  of  calcium  and  sulphate  of 
baryta.  The  two  latter  salts  were  extremely  insoluble,  and  allowed 
complete  elimination  of  the  sulphate  of  calcium.  No  method  was 
at  present  known  for  the  elimination  of  chloride  of  sodium. 

The  Physical  method  was  the  simple  one  of  blowing  down  the 
boilers  periodically.  The  concentration  in  the  boilers  obviously 
would  not  increase  if  the  quantity  of  salt  which  entered  in  a  day  was 
equal  to  that  wliicli  was  l)l()wii  down  in  (lie.  same  time. 
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]iOtN  1).'  tli(>  numlxT  of  vnW]r  iiiHros  of  ruw  wator  iutrofluccd  \n 

tlie  boiler  in  t\v»M\tv-t'our  liours. 

(•  the  concentration  of  tlie  raw  water  in  grammes  of  salts  per 

cubic  metre. 

V  the  volume  of  the  boiler  in  cubic  metres. 

C    the  concentration  limit  of  the  salts  in  the  boiler  in  grammes 

per  cubic  metre. 

^    the  fraction  oi  the  volume  of  the  boiler  emptied  by  the  purge 
P 

in  twenty-four  hours. 

The  quantity  of  salts  entering  the  boiler  for  twenty-four  hours  is 

Nc. 

The  quantity  of  salts  eliminated  in  twenty-four  hours  is 

AC  X     . 

V 

Let  these  quantities  be  equated  then 

Xr  =  CY  ^-. 
P 

The  concentration  C  found  in  the  boiler  at  equilibriums  will  be 

_Ncp 
'^  -    V  ■ 

Note  that  ^  is  the  number  of   boilers  tilled  per  day  with  the 

raw  water. 

Let  A  =  '^., 

then  C  =  c  X  A  X  jj. 

The  final  concentration  of  the  boiler  would  then  be  equal  to  the 
product  of  the  concentration  of  the  raw  water  by  the  number  of 
boilers  of  raw  water  evaporated  per  twenty-four  hours  and  by  the 
number  of  blow-downs  necessary  to  empty  the  contents  of  one 
boiler.  In  other  words,  it  was  proportionate  to  the  concentration 
of  the  raw  water  by  the  output  of  the  boiler,  and  inversely  to  the 
quantity  of  the  blow-down. 

The  preceding  calculation  enabled  the  following  curve  to  be 
drawn,  Fig.  21.  It  was  thus  seen  that  the  concentrations  might  be 
limited  without  important  losses  of  hot  water,  and  blowing  down 
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Fig.  21.— Concentration  Limit  of  Water  from  Boilers  for  the  Water 
Circulation  containing  O'l  Gramme  per  Litre,  of  Dissolved  Salt. 

Concentration  in  Grammes  per  Litre. 


No.  of  Boilers  of  Raw  Water  E,vapomted  Daily. 
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was  not  so  important  a  factor  where  the  salt  content  in  the  water  was 
low.  The  installations  most  unfavourable  were  those  which 
evaporated  purified  water  and  which  did  not  recover  the  condensed 
steam.  In  those  cases  where  the  condensed  steam  was  reintroduced 
into  the  boiler,  it  was  only  necessary  to  blow  down  a  small  quantity. 
Boilers  using  distilled  water  similarly  only  blew  down  a  very  small 
percentage,  since  the  distilled  water  contained  a  very  small  quantity 
of  salts.  It  had  been  found  that  continuous  blow-down  was  the 
least  costly  method  of  purification.  As  much  on  account  of  the 
price  of  the  plant  as  of  their  running  cost.  Added  to  these  advantages 
was  the  fact  that  no  incrustations  were  formed  in  the  boiler  and  that 
consequently  cleaning  was  unnecessary.  Galvanic  action  did  not 
appear  to  play  any  large  part  in  the  corrosion  of  boilers. 

In  reply  to  Mr.  E.  W.  Bailey  (page  334)  the  Author  stated  that 
the  employment  of  the  special  ribbon  gave  excellent  results,  and  did 
not  allow  of  short  circuits  or  channelling  {see  reply  to  Mr.  Spyer). 
The  average  relationship  established  between  the  speed  of  degassing 
at  low  and  high  temperatures  was  shown  on  Fig.  13  (page  320).  So 
many  factors  intervened  that  it  was  impossible  to  obtain  a  general 
formula,  and  relationships  could  only  be  established  for  particular 
cases.  Tests  had  been  made  on  expanded  metal,  but  the  net  cost  was 
about  three  times  that  of  iron  turnings  for  the  same  output,  and  for 
the  same  weight  the  turnings  had  a  surface  about  four  times  greater. 

With  reference  to  Professor  Donnan's  remarks  (page  338), 
chemical  degassing  was  inapplicable  to  drinking  water ;  the  corrosion 
in  town's  water  pipes  must  be  overcome,  either  by  the  action  of 
an  incrusting  coating  by  a  lining  of  cement  in  the  iron  piping,  or 
by  using  armoured  cement  feeders. 

In  reply  to  Professor  Brame,  the  Author  stated  that  what  took 
place  in  a  boiler  at  200°  C.  could  not  be  observed  ;  but  when  it  was 
opened,  rust  was  found  as  a  result  of  the  attack  of  the  iron.  It 
was  probable  that  others  had  ascertained  the  transformation  of  the 
oxides  of  iron.  Without  referring  to  Gmelin  er  to  Hermes,  references 
would  be  found  in  the  most  recent  works  and  more  on  a  level  with 
actual  experience  {see  Bibliography,  page  360 — article  of  Von 
Siegmon).     All  possible  products  between  FeO  and  Fe203  and  their 
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hydrates  were  produced  in  this  l)hxckish-,<ir('eii  oxidi".  .  Tlie  j^rodiiet 
that  had  been  examined  had  a  percentage  of  oxygen  which  did  not 
correspond  either  to  one  of  the  oxides  or  one  of  the  hydrates.  In 
other  cases,  different  resiilts  had  been  obtained.  It  seemed  that  the 
temperature  played  a  great  part  in  the  degree  of  oxidation  of  the 
final  product.  At  the  present  moment  researches  had  not  been 
finished  on  the  subject  of  this  state  of  oxidation  of  the  iron. 

With  regard  to  the  subject  of  chloride  of  magnesium  (page  340), 
it  had  not  been  found  that  a  small  amount  of  soda  in  the  water 
modified  the  action.  It  was  thought  this  was  due  to  the  very  great 
oxidizable  properties  of  the  iron  turnings. 

In  reply  to  Mr.  Bailey's  communication,  irregularit}-  or 
"  spottiness  "  had  never  been  observed  in  the  layer  of  oxide  in 
degassers  where  iron  turnings  were  used  ;  it  always  had  a  very 
uniform  colour.  Degassing  by  atomizing  the  water  in  a  space 
containing  steam  could  only  give  good  results  by  aspirating  with  a 
pump  the  gases  and  steam  which  were  in  contact  with  the  water. 
This  was  done  in  the  Elliott  process  by  the  use  of  a  high  vacuum  and 
vaporization  of  the  water  which  had,  under  this  small  pressure,  an 
almost  explosive  transformation  into  steam.  The  extraction  of  the 
steam  necessitated  a  powerful  pump ;  the  condensed  steam  contained 
air  which  had  to  be  eliminated.  If  it  were  sent  again  through  the 
plant,  a  continual  enrichment  in  air  was  produced  in  the  water  to  be 
degassed.  There  was  no  doubt  that  good  results  had  been  obtained 
by  this  process,  but  it  was  open  to  the  following  objections: — 

(1)  It  was  difficult  to  obtain  sufficient  vacuum  when  the  amount 
of  water  to  be  degassed  was  large. 

(2)  In  this  plant,  where  the  water  and  the  steam  were  under 
a  very  reduced  pressure,  particularly  so  in  the  water  extraction 
puni]),  a  very  small  leak  sufficed  to  destroy  the  effect  of  the  degassing. 

In  regard  to  the  communication  by  Messrs.  Coste  and  Powncy, 
the  facts  quoted  on  the  subject  of  sulphate  of  calcium  were  known  ; 
that  was  why  in  the  text,  it  was  stated  that  the  diminution  of 
solubility  of  the  CaS04  produced  by  the  elevation  of  temperature 
was  of  very  little  importance  in  that  case.  The  reference  quoted 
on  the  subject  of  MgCU  was  not   known,  Imt  there  had  been   no 
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cases  observed  of  corrosion  by  chloride  of  magnesiuin  where  the 
water  was  alkaline^  but  there  were  numerous  examples  in  the  case  of 
collieries  where  the  water  was  neutral,  or  slightly  acid.  On  the 
other  hand,  it  was  not' contended  that  purification  by  soda  alone 
was  better  than  by  lime  and  soda  ;  the  point  being  that,  in  the 
particular  case  of  continuous  blow-down,  purification  by  soda  was 
more  advantageous. 

As  to  the  condensed  water  regaining  oxygen,  it  was  very  difficult 
to  a\oid  in  an  ordinary  or  even  specially  made  circuit  ;  pumps 
and  hot-wells  of  variable  level  were  also  causes  of  air  re-entering. 
The  question  was  solved  in  the  following  way  :— 

(1)  Maintain  a  small  pressure  in  the  total  water  circuit,  thus  leaks 
could  only  take  place  from  the  interior  to  the  exterior.  All  pumps 
should  be  under  load  as  much  as  possible,  thus  there  could  be  no 
re-entering  of  air. 

(2)  The  degasser  was  under  load  and  placed  immediately  in 
front  of  the  feed-pump. 

(3)  For  hot-wells  of  variable  level,  in  the  circuit  type  there  was 
always  feed-water  at  high  temperature,  thus  a  cushion  of  steam 
could  be  maintained  over  this  water  to  create  pressure  in  the  space 
of  hot-well  not  filled  by  water  and  to  avoid  re-entering  of  air.  The 
special  hot-wells  were  combined  with  a  degassing  device  placed 

.  therein,  which  removed  the  oxygen  from  the  water  before  it  left 
the  hot-well  ;  thus  there  could  be  large  variations  in  the  demand 
for  water. 

As  for  elimination  of  gases  from  the  w^ater  by  boiling,  it 
must  be  remarked  that  this  only  took  place  completely  by  prolonged 
boiling,  and  that  it  w^ould  be  impossible  industrially  to  degass  by 
such  boiling  which  would  necessitate  removal  of  an  important 
quantity  of  water  at  the  same  time  as  the  gas.  An  equilibrium  was 
established  between  the  partial  pressure  of  the  oxygen  in  the  steam 
of  the  oxygen  content  of  the  water  ;  in  order  that  this  should  be 
nil,  the  steam  must  be  pure.  It  must  be  noted  that  the  oxygen 
content  of  the  water  was  infinitely  small  in  comparison  with  the 
volume  of  steam  that  this  water  represented. 

Continuous  blow-down  was  the  cheapest  process,  and  if  it  were 
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a  question  of  particularly  difficult  cases,  as  Mr.  Jackson  indicated, 
it  was  generally  advisable  to  apply  it  throughout.*  Continuous  blow- 
down  had  the  one  aim  of  avoiding  calcareous  precipitation  in  the 
boilers.  It  was  not  a  question  of  attaining  concentrations,  or  sulphate 
of  soda,  for  example,  would  be  j)recipitated,  but  only  of  limiting  the 
concentration  of  carbonate  of  soda  and  producing  precipitation  in 
the  purifier  by  difference  in  temperature  of  part  of  the  CaCoa  of 
the  blow-down. 

With  regard  to  Mr.  Riviere's  remarks,  the  question  of  purification 
ought  not  to  be  considered  only  from  the  point  of  view  of  central 
stations  where  98'  per  cent  of  condensed  water  was  recovered,  but 
from  that  of  the  more  numerous  works  using  purified  water  only, 
which  did  not  recover  their  condensed  water  or  use  it  for  other 
purposes  than  feeding  the  boilers. 
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An  Ordinary  General  Meeting  was  held  at  The  Institution, 
London,  on  Friday,  18th  March  1921,  at  Six  o'clock  p.m.  ;  Captain 
H.  Riall  Sankey,  C.B.,  C.B.E.,  R.E.,  ret.,  President,  in  the  Chair. 

The  Minutes  of  the  Meetings  on  ISth  February  and  4th  March 
wore  read  and  confirmed. 


The  President  announced  that  the  following  66  Candidates 
had  been  duly  elected  : — 

MEMBERS. 


Bexon,  William  Collier, 
Ckewe,  Vere, 
Ignatieff,  Andre, 
Ormesher,  Edward,   . 


Kilmarnock. 
Klipdam,  C.P. 
London. 
Manchester. 


ASSOCIATE    MEMBERS. 


Bent,  John  Charles,    . 

Birch,  Thomas, 

Bradbury,  Arthur  Walter, 

Brown,  Charles, 

Chew,  William  Edward, 

Cobb,  Charles  Ernest, 

Cooper,  Basil  Pomeroy, 

Daniels,  George  William,    . 

Davis,  William  Kidd, 

Fell,   Louis  Frederick  Rudston,   D.S 

Lieut. -Col.,  R.A.F., 
Cransden,  Charles  Lewis,  Captain,  R.A 
CuEtLiKMAX,  Michael, 
Hudson,  Richard  John  Harrington, 


O.,  O.B.E., 
.O.C.,'l.O.M. 


London. 

Nottingham. 

London. 

London. 

Manchester. 

London. 

Leicester. 

Port  Simlight. 

Dublin. 

London. 
Devonport. 
London. 
London. 

2  B 


362 


ELECTION   OP   MEMBERS. 


March  1921. 


Jaured,  Harry  Arthur, 
Keai,,  Henry  Houghton. 
McQuADE,  William,  M.B.E., 
Meadows,  Frederic  Charles, 
Morgan,  William, 
Morton,  William  Ash, 
Pleydell-Nott,    John    George 

Major,  R.A.S.C, 
Potts,  Sydney  Charles,  Major,  R 
Richardson,  Thomas  Brook, 
Ronald,  James,  M.B.E., 
Sethna,  Riistam  M., 
SucKAN,  Charles  Albert, 
Thorp,  Herbert, 
TwiNCH,  Walter, 
Wilson,  Thomas  Martin,     . 


Latham, 

E.,     '. 


D.S.O. 


Newcastle-on-Tyne. 

Baghdad. 

Edinburgh. 

.Tohannesburg. 

Stoke-on-Trent. 

London. 

London. 

London. 

Birmingham. 

Woolwich. 

Ernakulam. 

Manchester. 

Lancing. 

Calcutta. 

Stockton-on-Tees. 


graduates. 


Baker,  Henry  Wellstood,    . 

Blood,  Robert  Bindon, 

Bryant,  Roger  Havelock,   . 

Chandler,  Leonard  Robert, 

Cheshire,  Leslie  Jack, 

Clynes,  William, 

CoLEBROOK,  Cliristopher  Merrill, 

Coles,  Walter  Valantine, 

Cramer,  WilUam, 

Douglass,  Leslie, 

Dunn,  Ernest  Vercoe, 

Eatough,  Clifford, 

Edwards,  Cyril  Arnold, 

Finch,  Herbert  John, 

Fraser,  Donald  Stuart  Denholme, 

Glaister,  Edwin, 

Heywood,  William  Johnson, 

Holbein,  Arthm*  Montague, 

Hughes,  Humphrey  Morgan, 

Husk,  Arthiu-  Cecil,    . 

Jones.  Eric  Langford, 

Kerridge,  Walter, 

Knowtles,  Thomas  WilUam  George, 

Lyall,  Alexander,  Jun., 

MoYES,  Thomas  Frederick, 

Peters,  Harold, 

Price,  Joseph  Vincent, 

Randerson,  George,  . 

Robertson,  DonaJd  Athole, 

Ross,  Hubert  Hope,    . 
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Shirtlief,  Edward  Matthew, 
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London. 
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London. 

London. 

London, 

London. 
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London. 
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London. 
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Birmingham. 

London. 

London. 

Hull. 
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London. 

London. 

London. 

London. 
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The  President  announced  that  the  following  five  Transferences 
had  been  made  : — 


Associate  Members  to  Members. 


HoBSON,  Jolin  William, 
McFadyen,  Alexander, 
Redfern,  Charles  .Julian, 
Smith,  Alexander  John, 
Sjhth,  Horace  Reginald, 


Xewcastle-on-Tyne. 

Diinedin. 

Derby.  j 

Tokyo. 

Birmingham.       ^  ^J 


The  following  Paper  was  read  and  discussed  :— 

"  Contact  Pressures  and  Stresses  " ;  by  Professor  E.  G.  Coker, 
D.Sc,  F.R.S.,  Member,  of  London,  K.  C.  Chakko,  M.Sc, 
and  M.  S.  Ahmed,  M.Sc, 


The  Meeting  terminated  at  a  Quarter  to  Eight  o'clock.     The 
attendance  was  94  Members  and  23  Visitors. 


The   Paper  on   "  Contact   Pressures   and   Stresses  "   was   also 
discussed  at : — 

Manchester,  in  the  Engineers'  Club,  on  Thursday,  21st 
April;  Mr.  Charle.s  Day,  Chairman  of  the  Local  Branch, 
in  the  Chair. 
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CONTACT   PRESSURES  AND   STRESSES. 


By  Professor  E.  G.  COKER,  M.A.,  D.Sc,  F.R.S.,  Member, 

K.  C.  CHAKKO,  M.Sc,  and  M.  S.  AHMED,  M.Sc, 

OF  University  College,  London. 

The  application  of  a  load  over  a  very  limited  portion  of  the 
surface  of  a  solid  body  generally  causes  intense  stresses  in  the 
immediate  neighbourhood  of  the  place  of  application,  while  the 
manner  in  which  the  load  is  distributed  over  the  area  of  contact, 
when  two  bodies  are  pressed  together,  may  vary  considerably  with 
the  physical  characteristics  of  the  materials  brought  into  contact, 
also  the  form  of  each  body  and  the  mode  of  application  of  the 
load.  The  mode  in  which  a  load  is  distributed  at  a  contact  surface 
is  all  important  as  regards  the  stresses  at  neighbouring  points,  since 
St.  Venant's  principle  of  equi-pollent  load  systems  does  not  then 
apply,  nor  can  the  distribution  be  determined  except  by 
experimental  means.  At  a  considerable  distance  away  from  the 
contact  area  the  way  in  which  the  distribution  occurs  is  relatively 
unimportant,  since  the  stress  distribution  is  hardly  affected  thereby. 
In  practical  applications  great  concentration  of  loading  is  avoided, 
as  far  as  po.ssible  to  ])revent  permanent  injury  to  the  material,  but 
there  are  many  cases  in  which  intense  loading  pressures  are 
inevitable,  as,  for  example,  knife-edge  and  roUer  bearings  and  the 
line  contact  of  gear-wheels.  The  contact  pressure  of  the  driving - 
[The  I.Mech.E.] 
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wheels  of  a  locomotive  on  the  rails  afiords  another  instance  of  intense 
local  bearing  and  stress,  the  constant  application  of  which  has  a 
deteriorating  effect  on  both  wheels  and  rails. 

In  the  testing  of  materials  there  are  also  cases  of  great  stress 
concentration,  such  as  indentation  tests  for  hardness,  in  which  a 
spherical  ball  or  a  cone  is  pressed  against  the  material  by  a  load 
sufficiently  intense  to  deform  the  material  permanently.  A  variety 
of  other  examples  will  readily  occur  to  engineers  in  which  the  study 
of  contact  pressures  and  the  stresses  produced  by  them  is  of  practical 
importance,  and  offers  a  considerable  field  for  theoretical  and 
experimental  investigation.  A  simple  typical  case  is  that  of  a 
single  load  applied  normally  to  the  edge  of  a  plate,  and  such  a  case 
has  been  examined  experimentally  by  Cams- Wilson*  using  a  beam 
of  glass  resting  with  its  narrow  edge  on  a  flat  plate  with  a  sheet  of 
thin  paper  interposed  between  the  surfaces. 

These  experiments  showed  some  interesting  features,  requiring 
further  explanation,  which  is  given  later  in  this  Paper,  and  they  may 
be  illustrated  by  an  experiment  made  on  a  beam  6- 1  centimetres 
long,  2 •  0  centimetres  deep,  and  having  a  thickness  of  0 •  65  centimetre . 
A  steel  roller  of  0*2  centimetre  diameter  was  pressed  against 
the  centre  of  this  beam  by  aid  of  a  screw  and  the  temporary 
double  refraction  caused  by  loading  was  observed  by  aid  of  two 
Nicol's  prisms  crossed  at  45°  to  the  axis  of  the  beam,  with  a  quarter 
wave  plate  of  mica  placed  in  front  of  the  analysing  prism,  so  that 
the  plane  containing  the  optic  axis  was  at  right-angles  to  the  length 
of  the  beam.  With  this  arrangement  the  effect  produced  at  any 
point  in  the  normal  line  of  load  is  that  of  no  stress,  wherever  the 
difference  of  phase  between  the  ordinary  and  extraordinary  rays 
traversing  the  beam  is  equal  and  opposite  to  the  difference  of  phase 
produced  by  the  mica  plate,  and  there  will  therefore  be  a  black  spot 
as  the  Nicols  are  crossed.  The  position  A  of  this  spot  on  the  normal 
is  determined  and  the  value  of  jp-q  determined  from  the  colour  band 
at  this  point. 

♦  "  The  Intluence  of  Surface  Loading  ou  the  Flexure  of  Beams,"  by 
Prof.  C.  A.  Carus-Wilson.     Phil.  Mag.,  December  1891. 
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A  second  quarter-wave  plate  is  now  superposed  on  the  first, 
and  the  black  spot  then  moves  up  the  normal  to  a  point  B,  where 
the  value  of  jp-q  is  doubled. 

The  second  mica  plate  is  now  removed  and  the  load  diminished 
until  the  black  spot  with  one  mica  plate  is  brought  to  the  point  B. 
In  this  way  a  number  of  points  on  the  normal  are  found,  at  any  one 
of  which  the  stress  difference  is  twice  that  of  the  point  below.  As 
the  stress  at  any  point  of  the  beam  varies  directly  as  the  load  on 
the  roller,  it  is  now  possible  to  trace  the  variation  of  stress  difference 
along  the  normal  through  the  point  of  application  of  the  load.     One 


Fig.  1. 


set  of  observations  is  plotted  in  the  accompanying  Fig.  1  to  a 
horizontal  scale  of  phase  differences,  and  it  is  found  that  on  the 
upper  half  of  the  beam  these  points  are  foimd  to  lie  very  nearly 
upon  a  hyperbolic  curve,  but  on  the  lower  half  there  is  a  marked 
difference  and  the  stress  begins  to  increase  again  as  the  distance 
from  the  loading  point  becomes  greater.  As  the  roller  indents 
the  beam  to  a  small  extent,  this  asymptote  to  the  hyperbola  is 
actually  not  in  quite  the  same  position  as  is  assumed  in  the  simple 
theory,  while  the  points  of  observation  near  the  lower  bearing 
surface  lie  somewhat  off  the  hyperbolic  curve. 
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In  a  further  experiment  to  establish  the  hyperbolic  law  with 
greater  certainty,  the  observations  were  limited  to  the  upper  half 
of  the  beam.  The  load  was  applied  by  a  screw  as  before,  until  seven 
interference  fringes  appeared  under  the  roller  when  viewed  in  light 
from  a  sodium  flame.  The  distance  along  the  normal  from  the 
point  of  contact  to  successive  fringes  was  measured  by  a  micrometer 
eye-piece  divided  to  thousandths  of  an  inch. 

These  distances  require  correction  for  the  indentation  caused  by 
the  loading  pin,  in  order  that  they  may  be  regarded  as  measured 
from  the  asymptote.  To  find  this  correction,  it  was  assumed  that 
it  has  a  constant  value  8y,  and  by  taking  any  pair  of  reliable 
observations  the  required  correction  can  be  found. 

This  correction  is  therefore  to  be  added  to  the  experimental 
numbers.  The  interference  fringes  are  caused  by  the  stress- 
differences  N  corresponding  to  the  first  seven  ordinal  numbers,  and 
hence  if  the  values  of  the  corrected  distance  C  and  N  are  multiplied 
together,  they  should  give  a  constant  value,  if  the  hyperbolic  law 
holds.     This  is  substantially  found  to  be  the  case. 

The  experiments  also  showed  that,  for  this  kind  of  loading,  all 
the  points  where  the  stress  difierence  is  constant  lie  on  circles 
touching  the  upper  surface  of  the  beam  at  the  point  of  contact. 

These  investigations,  so  far  as  they  extend,  are  approximately 
consistent  with  the  theory  of  a  single  concentrated  load  at  a  point 
in  a  semi-infinite  plate,  and  before  describing  further  experimental 
investigations  in  which  stress  distribution  has  been  measured  over 
a  considerable  area  around  the  points  of  application,  it  will  be 
convenient  to  give  the  results  of  analysis  for  this  case. 

The  stress  function  x  =  c-  rO  sin  $  is  a,  solution  of  the  general 

equation  ^.    ""^  =  o  (1)  for  plane  stress,  and  from  it  wc  obtain  : 
—        1     dv  ,  1      <)'^      o    cose 


0  r       r-      0  e- 
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The  expression  for  n  shows  that  this  stress  becomes  very  large  as 
r  approaches  zero,  and  its  form  indicates  that,  at  the  origin,  the 
state  of  stress  is  produced  by  normal  concentrated  stress  at  a  pomt, 
or  since  we  are  considering  plates,  by  loading  along  a  line  in  the 
surface  and  normal  to  this  bounding  surface.  The  value  of  the 
constant  c  may  be  obtained  from  the  consideration  that  the  sum 
total  of  all  the  normal  components  of  stress  across  a  plane  BC, 
Fig.  2,  at  any  depth  D  parallel  to  the  surface  must  equal  the  load 
at    the  origin.      The   radial    stress    rr   at   A  =  2c  ^°^  ,    and    its 


f 


Fig.  2. 


I 


1 


component  normal  to  the  plane  BC  is  therefore  rr  ■  cos-  0  =  2c 

^^      If,  therefore,  all  these  values  are  summed  on  the  infinitely 
r 

extended  plane,  the  resultant  value  is^ 


.     (3) 


where  s  =  D  tan  6,  and  therefore  ds  =  J)  sec-  6  •  d6.    Also  r  =  D  sec  0. 
Putting  these  values  into  equation  (3),  we  obtain — 

P  =  4-.  P   ^'^''^    -D-sec^^--' 
I       D  ■  sec  6 

or     P  =  4c  I     cos- 


^"0  ■  de  =  TTC , 


(4) 
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Hence  a  normal  force  P  corresponds  to  a  simple  radial  distribution 

—         2P      cose 

rr  =  —  •  -—-        .  .  .  .      (5^ 

there  being  no  other  stress  as  appears  from  Equations  2  (page  368). 
Along  the  normal  at  the  point  of  application  of  the  load 


2P     1 


.   (5a) 


Fig.  3. 


so  that  the  stress  falls  away  according  to  a  hyperbolic  law  as  Carus- 
Wilson's  experiments  show. 

In  order  to  obtain  the  form  of  the  curves  for  which  the  stress 
(lifierence  is  constant,  we  have,  since  rr  is  the  only  stress,  at  any 
point  Ro  below  the  point  of  application  of  the  load 

1 


—       2P 
rr  = 


Ro 


=  a  constant  =  c, 


Hence  for  any  other  point 


2  P     cos  fl 


2P 


or 


r  =  R  cos  0 


•      {^) 
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corresponding  to  circles  touching  the  plane  boundary  at  the  point  of 
application  of  the  load. 

The  distribution  of  stress  due  to  a  line  source  P,  normal  to  a 
semi-infinite  plane,  is  therefore  purely  radial  and  the  lines  of 
principal  stress  consist  of  circles  around  a  point  of  application 
intersected  by  straight  lines  passing  through  the  origin  as  Fig.  3 
shows.  The  magnitude  of  the  radial  stress  reaches  a  maximum 
value  for  any  radius  on  the  vertical  line  through  the  origin  as  the 


Fig.  4  indicates,  while  the  colour  bands  marking  the  positions 
of  equal  stress  difference  should  be  circles  touching  the  contour 
at  the  point  of  application. 

Experiment,  however,  shows  that  such  a  simple  stress  condition 
is  very  difficult,  if  not  impossible,  to  realize  in  practice,  since  line 
contact  across  the  thickness  of  a  plate  cannot  be  maintained  if  any 
effect  is  to  be  measured  or  rendered  visible  optically.  Moreover, 
the  necessity  of  supporting  the  lower  edge  of  the  plate  at  a  finite 
distance  away  Introduces  a  system  of  applied  forces  which  do  not 
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correspond  with  the  conditions  assumed  in  the  simple  theory  above, 
and  the  disturbing  influence  of  these  latter  is  generally  important. 
It  seems  probable  that  the  discrepancy  noticed  by  Carus-Wilson  in 
the  hyperbolic  law  of  stress  distribution  along  the  vertical  Fig.  1 
(page  367)  may  be  due  to  this  latter  cause,  and  that  his  curve  of 
distribution  is  substantially  correct  for  the  experimental  case 
taken. 

Apparently  the  applied  balancing  forces  along  the  lower  side 
tend  to  concentrate  around  the  central  part  of  the  bearing  area, 
owing  to  the  tendency  of  the  edges  of  a  block,  of  rectangular  cross- 
section,  to  lift  when  one  of  its  surfaces  is  pressed  against  another 
flat  surface,  of  much  greater  area  and  approximately  equal  hardness, 
by  a  load  applied  at  the  centre  of  the  face.  This  can  be  readily 
observed  when  a  block  of  india-rubber,  say  6  inches  long,  of  square 
section,  and  1  inch  side,  is  pressed  against  a  hard  surface  by  a 
central  load  ;  a  visible  uplift  of  the  ends  is  then  found,  and  contact 
is  not  obtained  there.  It  seems  probable,  therefore,  that  even  so 
hard  a  material  as  glass,  when  pressed  against  a  flat  metal  plate 
with  thin  paper  between,  will  behave  in  a  similar  manner,  although 
the  strains  are  now  so  minute  that  the  uplift  is  not  discernible. 

In  order  to  confirm  tliis  view,  an  experiment  was  made  in  a 
form  of  testing-machine*  designed  to  give  ])ure  compression. 

Calibration  of  this  machine  shows  that  the  load  applied  by  the 
lever  arm  is  transmitted  without  perceptible  loss  to  the  specimen 
between  the  pressure  plates.  In  order  to  test  the  correctness  of 
the  view  expressed  above  as  to  the  distribution  of  the  load,  a  plate 
was  prepared  of  as  large  a  size  as  could  be  used  in  this  testing 
machine.  It  was  of  rectangular  form,  5*  14  inches  long  and  2|  inches 
deep,  with  one  long  side  accurately  bedded  against  a  flat  steel  plate 
supj)orted  on  the  lower  plate.  Pressure  was  applied  over  an  area 
extending  0- 1  inch  over  the  top  edge  and  symmetrically  disposed 
with  reference  to  the  central  vertical  line. 

This  form  of  distribution  was  chosen  in  order  to  prevent  injury 


*  "  A   column   testiug-machine,"   by   E.  G.   Coker,  Proc.  Phys,  Soc.  of 
Loudon,  vol.  xsv,  Part  II,  1913. 
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to  the  plate  and  to  avoid  permanent  deformation  at  the  area  of 
contact. 

On  the  assumption  of  a  uniformly  distributed  load  over  a  limited 
portion  of  a  semi-infinite  plate,  an  expression  for  the  stress 
distribution  can  be  obtained  by  considering  stress  functions  of  the 
form  crd.  If  to  a  point  A  on  the  straight  line  boundary  A  B, 
Fig.  5,  there  corresponds  a  stress  function  ^i  =  ci\-  ■  9^,  the  resulting 

Fig.  5. 


^N\N\\s\ 


stress  distribution  at  any  point  r^,  0^,  with  reference  to  the  origin 
A  is — 

iv^i  =  2r  ■  0^,  0^,  =  2c  6^  and  r'^j  =  -  c. 

If  to  any  other  point  B  on  this  boundary  there  is  also  a  corresponding 
stress  function  x^  =  —  c^-i'  •  ^2  *^^'  stress  at  any  point  r.,,  6.,  is — 

i-'X  =  2c  d.^,  dj^.=  -  2c  6.,  and  »5i  =  +  c. 

For  both  systems  on  the  line  A  B 

"2,^)^=0, 'S.rO  =  0  and  'S,dd  =  —  2c tt  =  a  constant  of  value  say  j^. 

Also,  as  can  be  easily  verified,  there  is  no  stress  over  the  rest 
of  the  boundary,  while  at  infinity  all  stress  vanishes. 
Hence  the  stress  function 

x=  -£0v-^i-^/-^2)    •       •       •    (') 

corresponds  to  the  case  of  a  normal  pressure  uniformly  applied  to  a 
limited  portion  of  the  plane  boundary  of  a  semi-infinite  plate. 
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The  sf.ress  at  any  point,  0  ha^^nc;  co-ordinates  r^,  6j,  r^,  6^,  wit.h 
reference  to  the  origins  A,  B,  is  obtainable  by  integrating  the  effect 
of  all  the  elemental  loads  on  the  boundary  A  B.  At  any  point  D 
the  load  intensity  p  on  an  element  dx  of  the  boundary  gives  a  radial 
stress  at  C  of 

rr  =     ^  ■ =    -^        „    . =  ^  •  dO 

■K  r  IT  •  cos  6         r  ir 

where  ri6  are  the  co-ordinates  of  C  with  reference  to  D  as  origin. 

As  will  appear  immediately,  it  is  convenient  to  reckon  the  stress 
produced  at  C  with  reference  to  an  origin  D  (r,  <^)  having  a  vector 
C  D  bisecting  the  angle  A  C  B. 

The  normal,  tangential,  and  shear  stresses  at  C,  due  to  the 
distributed  load  p-dx,  are  then 

rr  =    -    •  cos2  (b  •  ddi 
m  =  ^^  -sin^d,  .  dd, 

IT  '  ^ 

r6  =  -^  •  sin  (f)  •  cos  (f>  •  deb      .  .  •      (8) 

Also^  —  (fi  =  -~ — "-  a  constant  and  hence  dO  =  d(f>. 

Summing  the  stresses  for  uniformly  applied  load  over  the  strip  A  B, 
we  obtain  at  the  point  C 

RU  =  ^J'         cos^  cj,  .  dcf,  =^{{0.,-  0^)  +  sin  {6.,-  0,)} 
©(-)  =  ^Jl  I      sin2  <^.d^  =1  {{$.,-  e^)  -  sin  (<9,-  ^,)} 

K(")  =  ^  sin-  ^  ■  d<l>  =  o 

Or  writing  O.j^  —  8^  =  a  we  obtain — 

KR  =  ^'  (a  +  sin  a) ' 

00  =  ^  (a  -  sin  a)  )  .      (9) 

R©  =  0 

as  the  .stress  system  at  the  point  C. 
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TABLE  1. 

1  inch  Width                        L 

TT 

=  100. 

i 

d  =  ^^  cot  2 

rr 

66 

77-  + ed 

7)-  -  66 

00 

0 

0 

0 

0 

11-4520 

— 

0-01 

17-45 

17-24 

5-7150           ' 

34-81 

0-09 

34-90 

34-72 

2-8356 

69-11 

0-71 

69-82 

68-40 

1-8660 

102-4 

2-30 

104-72         ' 

100-00 

1-3738 

134-1 

5-53 

139-62 

128-56 

1-0723 

163-9 

10-66 

174-52 

153-20 

0-8661 

191-3 

18-12 

209-44 

173-20 

0-7141 

216-2 

28-22 

244-36 

187-94 

0-5950 

238-1 

41-14 

279-24 

196-96 

O-.^.OGO 

257-1 

57-08 

314-16 

200-00 

0-4195 

273-0 

76-04 

349-04 

196-96 

0-3501 

286  0 

98-01 

383-96 

187-94 

0-2887 

296-0 

122-84 

418-88 

173-20 

0-2332 

303-5 

150-30 

453-80 

153-20 

0-1820 

308-6 

180-08 

488-72 

128-56 

0-1340 

311-8 

211-80 

523-60 

100-00 

0-0882 

313-4 

245-04 

558-48 

68-40 

0-0438 

314-1 

279-34 

593-40 

34-72 

0 

314-16 

314-16 

628-32 

1      " 

re 
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These  expressions  have  been  obtained  by  J.  H.  Miehell*  in  a 
soniewliat  different  manner.  The  forms  of  the  expressions  show 
that  the  lines  of  the  principal  stress  arc  cllii)ses,  Fig.  6,  intersected 
by  orthogonal  hyperbola,  both  systenis  having  the  same  foci,  A,  B. 
At  the  area  of  contact,  therefore,  these  lines  are  markedly  different 
from  the  case  of  line  contact,  but  at  a  moderate  distance  away  the 
curves  are  hardly  distinguishable  from  circles  and  orthogonal 
straight  lines  ha\dng  an  origin  at  the  centre  of  the  pressed  area. 

Fig.  6. — Lines  of  Principal  Stress  in  a  Semi-infinite  Plate 
Loaded    Uniformly    over    a  Finite  Part  of  the  Boundary. 


The  most  convenient  method  of  examination  is  to  compare  the 
actual  values  of  stress  difference  {p-q)  along  the  central  line  with 
those  obtained  by  calculation.  These  latter  may  be  readily 
obtained  from  Equations  9,  and  are  shown  in  Table  1  (page  .375), 

where  ^^  =  100,  wdth  a  bearing  area  of  one  unit  in  length  for  a  plate 

TT 

of  unit  thickness.     The  values  of   rr  and  60  and  their  sum  and 
difference  are  readily  applicable  to  any  case,  and  are  plotted  in  Fig.  7 

*  "The  Inversion  of  Plane  Stress."  Proc.  London  Mathematical  Society, 
vol.  xxxiv. 
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in. 

111. 

in. 

in. 

in. 

ID. 

l-inch  Width   0 

0-8 

1-6 

2-4 

3-2 

4-0 

*     .,       ..        " 

0-4 

0-8 

1-2 

1-6 

2  0 

J  ::   ..    0 

0-2 

0-4 

0-6 

0-8 

X-0 

DiBUne*  below  Load. 

2  0 
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to  three  cliff(>reiit  scales  to  facilitate  subsequent  comparisons.  It  is 
of  interest  to  note  tliat  {rr  —  Ob)  =  p-rj  along  the  central  line,  has  a 
zero  value  at  the  origin,  and  a  niaxiuiuin  value  when  a  =  ^^ 
corresponding  to  a  distance  of  half  the  width  of  the  contact  area. 

An  examination  of  the  colour  hands,  Fig.  8,  Plate  16,  for  the 
plate  described  above  shows,  however,  that  the  assumptions  on  which 
calculation  is  based  are  difficult  to  realize.  The  extreme  edges 
of  the  contact  area  show  brilliant  colour  banding,  in  addition  to 
circles  passing  through  points  A  and  B,  Fig.  6  (page  376),  which 
calculation,  based  on  uniform  surface  loading,  lead  one  to  expect. 
Circular  bands  of  this  type  corresponding  to  the  equation — 


P 


-  q  =  \/  (7?-  -  60)-  +  4  rd-  =  KR  -  ««  = 


are  very  well  marked,  although  usually  not  perfectly  symmetrical 
and  often  slightly  elliptical,  but  in  addition  there  are  lobed-shaped 
curves  starting  from  the  end  ])oints  A  and  B,  which  penetrate  into 
the  plate  and  indicate  a  variation  from  uniform  distribution. 

The  colour  scheme,  therefore,  points  to  the  conclusion  that  the 
pressure  distribution  is  not  uniform,  but,  as  its  nature  is  not 
completely  determined  from  these  optical  measurements,  the 
further  elucidation  of  this  matter  is  deferred  until  the  method  of 
separation  of  p  and  q  has  been  described.  There  is,  however, 
nothing  to  indicate  from  a  superficial  examination  of  the  colour 
bands  that  the  stress  distribution  at  a  considerable  distance  away 
differs  from  that  obtained  from  the  assumption  of  uniformly  applied 
load,  but  measurements  of  the  inclinations  of  lines  of  principal 
stress,  by  aid  of  plane  polarized  light,  show  however  that  the  lines 
of  equal  inclination  Fig.  9  (page  377)  are  curves  bending  outwards 
and  indicating  stress  concentration  at  the  centre  of  the  support,  and 
this  is  confirmed  by  the  lines  of  principal  stress,  which  are  easily 
obtained  from  the  former  set.  These  lines  bend  over  to  meet  the 
bottom  edge,  as  Fig.  10  (page  380)  shows,  and  probably  meet  the 
contour  at  an  angle  slightly  different  from  90°,  owing  to  the 
tangential  stress  produced  by  friction  between  the  two  surfaces. 
It    seems    probable,    therefore,    that    this    system    of   stress 
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distiibutiou  will  show  groat.T  Valiums  al(Hig  the  central  line  than 
are  "iveu  l.v  the  expression  IIR  -  (■»  =  2^^' sin  «,.  and  this  is 
found  to  be  the  case,  as  Tabh'  2  and  Fig.  10  show.  In  all  cases 
the  observed  values  are  higher  than  those  obtained  by  calculation, 
and  particularly  so  when  the  distance  below  the  contacting  surfaces 
is   such  that    the   law    of   equi-poUent    loads    might    possibly   be 

TAHLE  2. 
Stress  Difference  along  Central  Vertical  Line. 


Distance. 

p  -  <l  lb.  per 

square  inch. 

~ 

Inch. 
0               ' 

Calculated. 

Observed. 

0 

0 



2,:J00 

2  ,660 

. 

8,260 

3,270 

_ 

3,000 

3,300 

1 

0-2 

2,370 
1,570 

2,775 
1,635 

0-3 

1.080 

1.215 

0-4 

820 

985 

0-5 

660 

815 

0-6 

555 

785 

considered  to  be  applicable.  In  this  case,  however,  no  part  of  the 
plate  in  the  neighbourhood  of  the  central  line  is  really  sufficiently 
removed  from  either  stressed  boundary  to  justify  the  appUcation 
of  this  principle,  and  the  contact  pressures  undoubtedly  difier  in  a 
marked  manner  from  the  simplifpng  assumptions  of  uniform 
pressure  distribution  of  ordinary  theory. 

At  the  upper  surface  the  great  stress  at" the  extreme  boundaries 
of  the  loaded  area  may  possibly  be  due  to  intense  local  shear,  and 
although  the  displacement  of  points  near  the  centre  appears  to  be 
areater  than  at  the  ends,  the  strain  at  the  latter  probably  reaches 
^  2  c  2 
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a  inaxiiuum.  This  view  appears  to  be  confirmed  hy  tlie  phenomena 
sometimes  observed  at  the  bases  of  metal  columns  set  on  stone  or 
concrete  foundation  blocks,  where  it  is  sometimes  noticeable  that 
the  print  of  a  very  rigid  base  plate  is  bordered  with  flakes  detached 
from  the  friable  lower  block. 


Distribution  of  Principal  S(7-ess- 

Difference  along  the  Central 

Vertical  Line, 


STRESS     SCALE     LB.    PER     SQ.    INCH 
4000  3000  2000  1000 


Fig.  10. 


Lines  of  Principal  Stress 

in  a  Finite  Rectangular 

Plate  Loaded  at  the  Centre. 


At  the  lower  surface  the  concentration  is  undoubtedly  towards 
the  centre,  and  on  referring  to  the  work  *  of  Professor  L.  N.  G. 
Filon,  F.R.S.,  a  confirmation  was  obtained  on  theoretical  grounds. 
It  is  there  shown  that  the  pressure  Q  on  the  lower  side  of  a  block  of 
depths  and  of  infinite  length  is  expressed  by  an  integral  of  the  form — 


^      2  W  fi 


sinh  u  +  u  coshu  ux   , 

sinh2u  +  2u     ^^^  T  ^" 


*  "  On  the  approximate  solution  for  the  bending  of  a  beam  of  rectangular 
cross-section  under  any  system  Of  load,"  by  L.  N.  G.  Filon,  Trans.  R.  S. 
Series  A.,  vol.  201. 
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where  u  is  the  variable,  W  is  the  concentrated  load,  and  a;  the  distance 
from  the  central  line.  This  integral  can  be  evaluated  as  a  convergent 
series,  and  the  distribution  is  found  to  have  a  high  central  value, 
which  falls  rapidly  and  becomes  zero  for  a  value  of  cc  =  1*  35  fe,  and 
from  that  point  the  beam  is  no  longer  in  contact  with  the  lower 
surface.  There  can  be  no  doubt,  however,  that  if  uniform  pressure 
could  be  applied  over  a  small  finite  area  of  a  semi-infinite  plate  the 
measured  stress  distribution  would  agree  with  the  calculated  values. 

As  will  be  shown  in  a  later  section,  the  application  of  a  uniform 
pressure  over  a  limited  area  has  only  been  approximately  realized 
in  one  special  case. 

So  far  no  attempt  has  been  made  to  separate  the  principal 
stresses  p  and  q  from  the  experimental  determinations  of  their 
difference  and  inclination,  but  this  may  be  accomplished  from 
this  data  by  methods  which  have  been  described  *  but  are  often 
difficult  to  carry  out  with  accuracy  in  the  complicated  cases  which 
occur  in  engineering  practice.  It  is,  in  general,  simpler  to  measure 
an  independent  function  of  p  and  q,  such  as  {p  +  q) — as  suggested 
by  Mesnager.f  If  a  thin  plate  of  any  shape  is  stressed  by  forces  in 
its  own  plane,  the  strains  at  any  point  r,  0  in  terms  of  the  principal 

stresses  RR  and  00   are  given  by — 

m  E  e,,  =  7»  •  RR  -  00 
M  E  e,,  =  m  00  -  RR 

m  E  'A,  =   -  (RR  +  00) 

where  c,,  is  the  strain  measured  in  the  direction  of  the  thickness, 
and  therefore  a  measurement  over  the  thickness  of  the  plates  of 

d       J     c^' 

*  "  Experimental  Determination  of  the  Distribution  of  Stress  and  Strain 
iu  Solids."     By  Professors  Pilon  aud  Coker.     B.  A.  Report,  1914. 

t  "  Mesure  des  efforts  interieurs  dans  les  solides  et  applications,"  by  A 
Mesnager,  Buda-1'esth  Congress  of  The  International  Association  fur  Testing 
Materials,  1901. 
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gives  a  mean  value  of  the  stresses  RR4-00=J9  +  9-  These  correspond 
to  the  generalized  stresses  of  Filon.*  In  practice,  it  is  inconvenient 
to  divide  each  measurement  by  the  values  of  the  constants  m  and  E, 
and  the  sum  of  the  stresses  is  more  easily  obtained  by  comparing 
the  change  of  thickness  observed  with  that  obtained  from  a  similar 
plate  under  uniform  tension  or  compression  stress.  If  P^  is  a 
uniform  tension  load  applied  to  a  member  of  rectangular  section 
A  =  bd  and  P^  is  a  similar  compression  load.     We  have  — 

_      Pt 
m  E  d 

-       P<- 
VI  E  d 


also 


=  - 

bd      m 

1 

~Wd 

P^  . 

1 

bd       m 

'ETd 

V  +  a 

RR  +  ee 
E  d  ~         ^mTE.  d 


Hence   ^i'  =  +  ^  +  ^ 

orp  +  q  =  -h  p,  Jj^j    or   =  p,  *f; 

a  relation  which  is  independent  of  the  constants. 

The  strains  are  very  small,  and,  as  the  plate  is  usually  thin, 
measurements  of  very  small  changes  are  required.  With  the 
transparent  nitro-cellulose  used  in  this  investigation,  a  fair  value 
of  E  is  300,000  in  pound  and  inch  units,  and  a  corresponding  value 
of  m  is  2-5. 

The  lateral  alteration  in  a  plate  of  0-15  inch  thickness  for  a 
stress  of  1  lb.  per  square  inch  is  2  x  10  "  ^  inches,  and  to  determine 
stress  distribution  to  an  accuracy  of  5  lb.  per  square  inch  a  lateral 
oxtensometer  is  required  reading  to  10"*  inches.  This  offers  no 
serious  difficulty  so  far  as  the  instrument  itself  is  concerned,  provided 
temperature  conditions  can  be  maintained  very  uniform,  as  the 
coefficient  of  expansion  of  the  material  is  of  the  same  order  as  the 
measurements. 

An  improved  form  of  lateral  extensometer  was  devi.sed  for  these 

*Ibid.,  page  381. 
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measurements,  reading  to  one-millionth  of  an  inch.  This  was  used 
throughout  the  investigations  described  below. 

In  general  a  large  number  of  lateral  measurements,  and  a 
corresponding  number  of  optical  observations,  are  required  to  obtain 
an  accurate  estimate  of  the  stress  distribution.  A  usual  number 
for  each  is  20  per  linear  inch  or  400  to  cover  a  square  specimen  of 
one  inch  side.  On  this  account  an  adjunct  measuring  instrument 
is  required  to  bring  the  needles  into  their  correct  position.  A 
convenient  way  of  effecting  this  is  to  support  the  instrument  by  a 
three-wire  suspension  from  a  frame  capable  of  adjustment 
horizontally  and  vertically  by  measured  amounts. 

For  this  purpose  the  frame  may  be  carried  on  slides  moving  on 
horizontal  bars  and  adjusted  in  position  by  a  fixed  horizontal 
micrometer  bearing  against  a  suitable  projection  of  this  frame.  A 
second  and  vertical  micrometer  is  arranged  to  lift  the  frame  bodily 
through  any  required  distance.  The  range  of  movement,  in  each 
direction,  may  be  extended  beyond  the  range  of  the  micrometers,  to 
any  required  amount,  by  using  distance  blocks  of  known  dimensions. 
For  both  optical  and  mechanical  measurements  the  most  convenient 
method  of  working  is  to  make  observations  with  a  small  load, 
and  then  with  a  nmch  greater  one  the  difference  between  the 
measurements  being  taken  to  eliminate  errors  which  may  arise  in 
working  from  zero  loads  and  from  the  efiects  of  any  slight  initial 
stress  which  may  be  present.  This  involves  a  double  series  of 
measurements,  but  the  increased  accuracy  justifies  the  extra  labour 
involved.  A  disturbing  influence  which  requires  elimination  is 
due  to  the  slightly  varying  thickness  of  a  specimen  cut  from  a  plate. 
These  differences  are  usually  of  the  same  order  as  the  measurements, 
unless  the  faces  are  specially  prepared. 

A  fair  example  of  the  condition  of  a  piece  cut  from  a  sheet  as 
received  from  the  maker  is  shown  by  the  measurements  obtained 
on  the  lower  half  of  a  square  of  1  inch  side  and  approximately 
0-  251  inch  in  thickness.  The  variation  with  reference  to  a  point 
for  which  a;  =  0-4  and  y  =  0-2  from  the  bottom  left-hand  corner 
is  shown  in  the  accompanying  Table  3,  and  it  is  worthy  of  note 
that  the  principal  differences  occur  in  general  along  the  edges,  and 
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especially  at  the  corners  where  the  cut  surfaces  intersect.  The 
exposure  of  a  freshly-cut  surface  without  subsequent  polishing  is, 
in  fact,  followed  by  a  slight  change  at  the  edges  due  possibly  to  the 
escape  of  a  small  part  of  a  volatile  constituent.  In  a  thick  plate 
the  effect  is  often  noticeable  from  the  appearance  of  a  white  line 
along  the  contour  when  the  specimen  is  viewed  in  a  polariscope. 
In  thin  specimens  this  efiect  is  shown  but  rarely,  even  after  the 
lapse  of  years. 

In  general,  therefore,  the  stresses  at  the  edges  are  somewhat 
more  diflficult  to  determine,  but  at  a  free  contour  the  measurements 
are  not  complicated  by  the  necessity  of  separating  the  principal 
stresses,  since  both  {])-{- q)  and  {p  —  q)  are  equal,  and  the  directions 
follow  the  contour. 

The  mechanical  labour  of  recording  all  the  measurements  required 
proved  far  too  great  to  allow  of  much  progress,  and  in  order  to 
dispense  with  book-keeping,  a  cylindrical  recorder  was  constructed 
ha^^ng  a  barrel  pivoted  on  a  vertical  axle  and  capable  of  vertical 
adjustment  by  aid  of  a  lever  operated  by  a  screw,  so  that  the  zero 
can  be  adjusted  as  the  extensometer  is  moved  about.  The  positions 
of  the  reflected  image  are  marked  on  a  sheet  of  squared  paper 
secured  to  the  cylinder,  and  the  differences  obtained  between  the 
initial  and  final  loads  are  measured  between  the  corresponding 
curves  drawn  through  the  points  of  observation. 

Discussion  op  the  Possible  Errors  axd  Corrections 
OF  THE  Mechanical  Measurements. 

Temperature  Variations. — All  the  measurements  were  made  in  a 
room  in  the  basement  of  the  engineering  wing  of  University  College, 
where  the  temperature  conditions  vary  somewhat,  and  this  especially 
affects  observations  of  change  of  thickness.  This  is  especially 
noticeable  during  the  winter  months,  when  it  is  found  that  readings 
taken  in  a  warm  room  on  a  Saturday  differed  materially  from 
similar  readings  taken  on  the  following  Monday  morning  before  the 
temperature  conditions  become  normal.  These  differences  disappear 
with  the  establishment  of  the  working  temperature  of  a])out  G0°  F. 
In  some  cases  it  has  been  found  necessary  to  place  a  paper  shield 
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round  the  extensometer  in  order  to  avoid  changes  of  temperature 
due  to  air  currents. 

Errors  of  Position. — The  extensometer  is  supported  independently 
of  the  specimen,  and  is  registered  thereto  by  reference  to  some 
convenient  point  or  line  when  the  initial  load  is  applied.  The 
readings  are  then  taken  for  this  load  and  also  for  a  final  load,  which 
latter  produces  strains  slightly  altering  the  configuration  of  the 
specimen.  In  these  experiments  the  diminution  in  the  length  of 
the  central  line  and  the  changes  in  width  of  the  specimen  are  both 
easily  measurable,  and  by  working  with  reference  to  this  central 
line  and  the  edge  of  the  bottom  pressure  plate  as  axis,  a  correction 
can  be  applied  to  the  position  micrometer  which  renders  this  error 
practically  negligible. 

Corrections  may  also  be  required  owing  to  the  calibrating  member 
for  optical  observations  not  being  quite  of  the  same  thickness  as  the 
specimen  under  test,  and  also  for  the  change  in  thickness  caused  by 
stress  when  both  are  compared,  and  the  stress  intensity  measured 
by  producing  a  dark  field  at  the  point  required.  This  is  most 
conveniently  carried  out  with  a  tension  member.  If  then  the 
initial  thickness  of  the  specimen  is  x,  and  the  calibrating  member  y, 
then  at  any  point  of  the  specimen  the  final  thickness  will  be 


X 


where  the  +  sign  is  to  be  taken  for  all  the  cases  examined  here  ; 
while  for  the  tension  member  the  corresponding  thickness  is 


['      ' 


y  ]1  -    mE 


where /is  the  corresponding  stress. 

When  a  black  field  is  established,  since  the  optical  constants  are 
the  same  for  both  specimens,  we  have 

or       ¥  -  <l  =  f  ].{^  -  ^A~^--)     very  nearly. 
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In  general  y  =  x,  although  sometimes  a  slight  difEerence  occurs, 
while  {p+q)  and/  are  rarely  more  than  1,500  lb.  per  square  inch, 
and  m  and  E  have  values  of  about  2-5  and  300,000  respectively. 
Hence  (p  +  q-hf)  /?«E  =  1/250  or  0-  4  per  cent,  .so  that  occasionally 
corrections  are  required  when  high  stress  difEerences  are  found,  but 
as  a  rule  the  error  is  small  and  vanishes  entirely  when  (p-hq)  and/ 
are  of  opposite  signs.  The  difficulty  of  providing  a  member  in 
pure  compression  is,  however,  too  great  to  make  this  a  desirable 
feature  of  the  measurements,  as  the  results  which  follow  show 
clearly. 

Errors  may  also  be  caused  by  friction  of  the  pivots,  and  of  the 
measuring  needles  in  their  bearings,  while  minute  scratches  or 
irregularities  at  the  surface  show  themselves  by  sudden  jumps  in 
the  readings.  If,  however,  the  testing- machine  used  is  gently  tapped 
with  a  pencil,  or,  if  massive,  vibrated  by  the  action  of  a  small  electric 
bell  attachment,  the  instrument  takes  up  the  position  due  to  the 
strain.  The  effect  of  a  minute  scratch  sometimes  renders  it 
necessary  to  take  readings  on  each  side  of  the  position,  and  to  use 
these  to  obtain  a  value  at  the  required  point. 

The  usual  tangential  errors  of  the  readings  on  the  barrel  are 
allowed  for,  and  in  some  cases  these  are  considerable.  As  an 
example  an  extreme  case  may  be  quoted,  in  Avhich  the  reading  h  is 
12  inches  above  the  level  of  the  reflecting  mirror  and  the  distance  I 
is  32  inches.  The  movement  of  the  mirror  is  approximately 
tan  0-175  or  ^  =  10°  37',  and  the  error  in  assuming  that 
IdO  =  dh  is  I  {d  tan  6)  —  IdO  =  I  tan  "^6  dd,  or  very  approximately 
tan  "^Odh.  The  error  in  reading  is  tlnis  about  3  per  cent.  All 
readings  are  therefore  corrected  by  reference  to  curves  constructed 
for  any  required  relation  between  h  and  I.  In  making  this 
correction,  the  height  of  the  reflecting  mirror  must  be  found  relative 
to  the  readings  on  the  drum,  but  any  small  error  in  the 
measurements  of  this  height  affects  the  correction  by  not  more 
than  one-tenth  of  the  error  made,  and  is  therefore  negligible. 
Moving  the  extensometer  to  different  positions  on  the  specimen 
also  alters  this  height,  but  this  can  be  corrected  by  the  screw 
controlling  the  vertical  position  of  the  drum.     A  horizontal  shift 
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from  the  vertical  plane  passing  through  the  spindle  and  the  central 
position  of  the  extensometer  tends  to  increase  the  readings,  since 
the  image  of  the  wire  is  received  on  a  more  distant  part  of  the 
cylindrical  drum.  A  movement  of  half  an  inch  in  either  direction 
causes  an  error  of  one  part  in  2,000  for  the  drum  used,  which  was 
8|  inches  in  diameter,  and  thus  is  insignificant  unless  the  specimen 
is  very  wide.  In  this  latter  case  the  drum  is  arranged  to  move  on 
a  cross  slide  parallel  with  the  extensometer.  There  are  a  number 
of  possible  minor  errors,  such  as  might  occur  owing  to  the  recording 
cylinder  not  being  vertical,  or  truly  cylindrical,  or  due  to  imperfect 
ruling  of  the  squared  paper,  but  all  these  have  been  eliminated. 

Early  experiments  showed  some  perplexing  variations  in  the 
reading  of  the  lateral  extensometer  under  identical  conditions, 
and  these  were  found  to  be  due  to  (1)  errors  in  the  dividing  of  the 
micrometer  head,  (2)  errors  in  the  screw,  and  (3)  variations  in  the 
friction  of  the  points  and  bearings  of  the  measuring  needles  when 
moved  over  bounding  surfaces  of  the  specimen.  The  first  was  very 
much  reduced  by  a  newly  graduated  head,  the  second  by  using  a 
very  long  screw  and  nut,  and  the  last  by  increasing  the  rigidity  of 
the  supporting  frame  and  careful  rounding  and  polishing  of  the 
contacting  areas. 

Experiments  were  then  made  under  good  temperature  conditions 
by  two  observers,  who  recorded  their  results  quite  independently, 
and  a  summary  of  these  observations  is  given  in  the  accompanying 
Table  4  (page  390),  in  which  different  positions  of  the  screw  and 
micrometer  head  are  examined.  It  will  be  observed  that  the 
highest  set  of  readings  is  obtained  for  the  second  position  of  the 
screw  and  the  divisions  320°-3G0°  of  the  head  ;  and  that  the  last 
three  positions  deal  only  with  this  range. 

Taken  as  a  whole,  the  deviations  are  small,  and  although  the 
maximum  difierence  from  the  mean  is  2  per  cent,  the  average 
difference  from  the  mean  is  only  0*02  per  cent  for  the  whole  series. 
The  distance  of  the  scale  is  taken  much  greater  in  some  cases,  to 
make  the  readings  more  sensitive,  although  this  is  usually 
accompanied  by  some  loss  of  definiteness  of  the  projected  image  of 
the  cross  wire. 
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Discussion  of  the  Possible  Errors  in  the  Optical 
Measurements. 

An  investigation  *  was  also  carried  out  to  examine  the  meclianical 
properties  of  nitro-cellulose  compounds  used  in  this  and  other 
investigations  and  also  the  law  of  its  optical  behaviour,  and  it 
is  material  to  the  present  experiments  to  remark  that  under  tension 
stress  the  law  of  optical  retardation  is  shown  to  be  proportional 
to  stress  and  not  to  strain,  and  that  it  is  linear  even  when  the 
material  is  stressed  far  beyond  the  elastic  limit  and  very  near  the 
yield-point.  Hence  the  optical  measurements  require  no  correction 
at  high  stresses,  but  the  lateral  measurements  of  the  strain  are 
affected  thereby,  and  unless  corrected  from  the  stress-strain  relation 
tend  to  give  too  high  values.  The  polarizing  and  analysing  Nicols, 
used  throughout,  were  made  by  Ahrens,  and  are  of  a  high  degree 
of  jjerfection.  The  arrangements  for  experimental  work  are  of  the 
usual  kind,  except  that  it  is  necessary  to  bring  both  the  specimen 
under  observation  and  the  calibrating  member  into  focus  on  the 
screen  for  comparison.  We  are  indebted  to  Prof essor  Filon,  F.R.S., 
for  suggesting  an  arrangement  of  lenses  whereby  this  can  be 
accomplished  when  the  distance  between  the  two  pieces  to  be 
compared  is  considerable.  This  allows  a  much  more  simple 
arrangement  of  apparatus  than  would  be  required  if  both  pieces 
were  placed  in  juxtaposition,  and  it  improves  the  definition  of 
the  projected  images.  Another  matter  to  which  attention  may  be 
called  is  that  if  the  plane  faces  of  the  specimen  are  not  placed 
perpendicularly  to  the  plane  polarized  beam  of  light,  but  have  the 
normals  thereto  inclined  at  a  small  angle  6  to  the  direction  of  the 

ray,  then  the  inclination  of  the  path  inside  the  material  is  -  and 

the  change  in  the  distance  is  <  sec     —  /  =  ^  /  ^  if  ^  is  small.     If  B 
is  taken  as  5^  and/x  =  1-5  the  change  in  optical  path  is  0*2  per 


*  "  The  Stress-strain  Properties  of  Nitro-cellulose  and  the  Law  of  its 
Optical  Behaviour,"  by  Prof.  E.  G.  Coker,  F.R.S.,  and  K.  C.  Chakko,  M.Sc. 
Trans.  Roy.  Soc,  Phil.     Series  A,  vol.  ccxxi,  1920. 
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cent.     It  is  l)clievcd  that  there  i.s  no  appreciable  experimental  error 
from  this  cause. 

There  are  probably  .small  changes  in  the  refractive  indices  due 

TABLE    4. 

Calibration  of  Lateral  Ejctensometer. 

Distance  of  Scale  from  reflecting  Mirror,  51f  ins. 

Readings.  !  Percentage  j 

Mean         Difference   ' 

Values  of     from  Mean 

,  ,         Headings.       Average      j 

"■  ^-  ''•  Value.       I 


Position    Reading  of 
of         Micrometer 
Screw.  Head. 


Degrees. 
50-90 

144-9 

144-3    144-0 

144-4 

+  0 

I  J 

140-180 

1420    142-2    142-6 

142-8 

-1-4 

230-270 

144-;»    144-2    144-2        — 

144-4 

+  0 

320-360 

144-4 

141-S    143-3     142-8 

143-1 

-0-8 

1       { 

50-90 

'  146-2 

146 'T    144-4       — 

145-4 

+1-0             1 

\ 

1 

140  ISO 
230-270 

145-4 
144-5 

143-9    144-5     143-7 
143-8    144-0 

144-4 

144-2 

+0 

-0 

( 

320-360 

148-9 

147-2    145-9 

147-3 

+  2 

III 

320-360 

144-0 

143-4    142-8     144-1 

143-6 

-0-5 

IV 

do. 

141 -'J 

142-7    142-9     143-1 

142-7 

-1-1 

V 

do. 

146-3 

145-2    145-1      145-6 

145-6 

+  1-0 

Average  value  of  readings 
Total  numerical  error  . 

144-3 

7-8 

1 

i 

Mear 

I  numerical  error 

0-7  =  0-5% 

to  changes  of  temperature,  but  as  this  latter  did  not  vary  more 
than  6°  F.  while  measurement  was  in  progress,  the  effect  is  probably 
insignificant. 
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Errors  due  to  defects  in  loading  have  been  avoided  as  far  as 
possible  by  adjustment  of  the  stressing  apparatus  until  the  optical 
effects  show  a  high  degree  of  symmetry.  Small  initial  stresses  are 
sometimes  found  in  the  material,  which  latter  was  in  all  cases 
examined  before  cutting  into  shape,  and  only  the  most  perfect 
pieces  were  used. 

In  plane  stress,  or  generalized  plane  stress,  such  as  is  dealt  with 
here,  the  distribution  is  completely  determined  when  jj  ,  q,  B„  and 
0  are  known.  The  directions  are  comparatively  easy  to  measure, 
since  a  stressed  plate  in  plane  polarized  light  shows  dark  bands 
which  mark  these  directions  with  respect  to  the  principal  planes 
of  the  polarizer  and  tlie  analyser.  The  experimental  solution  is, 
therefore,  complete  and  independent  so  long  as  the  law  of  optical 
retardation  holds  and  the  lateral  strains  can  be  interpreted  as  linear 
functions  of  stress  or  corrected  for  the  deviations  from  a  linear  law. 
It  may  also  be  noted  that  the  stress  distributions  obtained  in  all 
the  various  cases  examined  in  this  Paper  may  be  directly  applied 
to  similar  cases  in  other  materials,  since  the  fundamental  equation 
^.*  ^  =  u  for  plane  stress  in  simply  connected  bodies  contains 
no  elastic  constants,  and  the  stress  components  are  derived  from 
this  function  x  in  the  form  of  partial  differential  coefficients,  in 
which  the  co-ordinates  are  the  independent  variables. 

Experimental  evidence  on  this  point  has  already  been  given,* 
and  need  not,  therefore,  be  referred  to  further  here. 

Stress  Distribution  in  Blocks  of  Equal  Breadth  and  Depth 

WHEN     subjected    TO    LoAD    OVER    A    PART    OF    OnE    EdGE 
AND    SUPPORTED   OVER   THE   OPPOSITE   EdGE. 

The  distribution  of  stress  in  finite  blocks  of  rectangular  form 
when  subjected  to  load  is  of  fundamental  importance,  since  the 
masonry  and  brick-work  structures  of  the  engineer  and  architect 


*  "  The  Optical  Datenniuation  of  Stress."     E.  G.  Coker,  Phil.  Mag.  1910. 

"  Photo-Elastic  and  Strain  Measurements  of  the  Effects  of  Circular  Holes 
on  the  Distribution  of  Stress  in  Tension  Members."  E.  G.  Coker,  K.  C. 
Chakko  and  Y.  Sataki.  Trai.s.  Inst,  of  Engineers  a.id  Shipouilders  iu 
Scotland,  1919. 
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are  essentially  of  this  type,  with  pressures  distributed  over  two 
opposed  faces  and  generally  over  the  whole  area  of  each  face,  but 
in  other  cases  where  a  great  load  is  to  be  borne,  as  in  columns,  this 
is  concentrated  over  a  part  of  the  upper  face  of  the  supporting  base. 

The  earlier  experiments  described  above  showed  that  the  stresses 
at  the  contact  areas  are  not  distributed  uniformly  over  either  face, 
and  it  is  probable  that  a  diminution  in  the  size  of  the  block  will 
not  change  the  essential  character  of  the  phenomena,  although  the 
distribution  may  be  very  different.  This  is  borne  out  by  the 
appearance  presented  by  a  block  of  square  form  I  inch  side  and 
^  inch  thick  when  loaded  over  the  central  part  of  one  of  its  rectangular 
faces.  Fig.  11,  Plate  16,  shows  the  appearance  of  such  a  block  when 
a  total  load  of  50  lb.  is  ap2)lied  over  a  width  of  ^  in.  by  means  of  a 
pressure  plate  of  the  same  material.  The  colour  bands  there  shown 
are  not  true  circles,  but  are  somewhat  distorted  curves  passing 
through  the  extreme  points  of  the  upper  block,  and  there  are 
indications  of  extreme  stress  at  these  end-points,  since  subsidiary 
loops  of  colour  appear  with  these  end-points  as  origins. 

In  order  to  find  the  stress  distributions  for  these  cases,  the 
principal  stresses  and  their  directions  have  been  measured  over 
so  much  of  the  areas  of  the  blocks  as  is  practicable. 

As  will  be  observed  in  the  preceding  Figure,  there  are  areas 
neighbouring  the  upper  angles  for  which  there  is  practically  no 
stress,  as  a  dark  field  is  shown  for  all  angidar  positions  of  the  plane 
polarized  beam.  The  light  band  at  the  extreme  edge  appears  to  be 
due  to  a  bending  effect.  In  the  other  parts  of  the  field  the  isoclinic 
bands  are  quite  distinct  except  immediately  under  the  load,  where 
there  is  some  difficulty  in  defining  them.  The  positions  of  a  suflGicient 
number  to  determine  the  lines  of  principal  stress  are  marked  on  the 
left  hand  side  of  the  accompanying  Fig.  12,  and  from  any  convenient 
point  of  this  diagram  tangent  lines  are  drawn  to  the  curves  and  the 
co-ordinates  at  the  limits  of  a  small  square  are  found  from  the 
relation  8y  =  8x  x  tan  n,  where  a  is  the  inclination  of  the  line  of 
stress.  Proceeding  step  by  step  in  this  manner,  the  co-ordinates  of 
the  curves  of  principal  stress  are  found.  Table  5,  and  are  plotted 
on  the  right  hand  side  of  Fig.  12.     It  will  be  observed  that  thev 
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bear  little  resemblauce  to  the  case  of  uuiforin  load  applied  to  a 
limited  portion  of  a  scmi-iufimte  plate,  except  immediately  in  the 
neighbourhood  of  the  applied  load.  In  the  lower  half  of  the 
plate,  where  observation  is  more  difficult,  owing  to  the  smallness 
of  the  stress,  the  lines  radiating  from  the  upper  contact  area 
bend   over    and    jirobably    meet    the    lower    edge    very    nearly 


perpendicularly.  The  magnitudes  of  the  stresses  are  also 
determined  by  observations  of  {p  +  q)  and  {p  —  q)  and  these  are 
shown  in  Table  6  (page  398),  from  which  it  will  be  remarked  that  the 
stress  distribution  is  found  at  a  line  one-hundredth  of  an  inch  away 
from  the  contact  area,  which  is  very  nearly  the  limit  of  approach 
for  the  measuring  needles.  Along  this  line  the  directions  of  principal 
stress  may  not  be  quite  perpendicular  and  parallel  to  the  contour 
owing  to  unequal  surface  strains  when  two  unlike  rectangular 
blocks  of  the  same  material  are  present  together,  but  the  observations 
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appear  to  show  that  the  error  iu  taking  these  lines  perpendicular 
and  parallel  to  the  contact  surface  must  be  small,  while  along  the 
remainder  of  the  upper  edge  these  conditions  are  fulfilled  exactly. 
The  distribution  of  normal  stress  along  this  section  is  therefore 
shown  approximately  by  the  value  of  p,  and,  as  Table  6  shows,  the 
stress  over  this  contact  area  is  very  much  concentrated  at  the  ends, 
as  the  colour  bands  indicate.  This  kind  of  distribution  is  obtained 
when  punching  a  plate,  owing  to  the  centre  part  under  the  punch 
bending  and  forming  a  cup-shaped  depression.  The  cross  stress 
rises  to  a  maximum  at  the  centre  and  dies  away  completely  at  the 
ends,  in  fact  changes  at  O'Ol  inch  below  the  surface,  so  that  it 
seems  probable  that  this  distribution  of  stress  is  accompanied  by 
a  corresponding  distribution  of  shear  along  the  contact  surface. 

As  soon  as  the  distance  from  the  upper  plane  becomes  of  the 
same  order  as  the  breadth  of  the  contact  surface,  the  value  of 
q  ceases  to  be  of  much  significance.  This  is  shown  by  the  curves  of 
{p-\-q)  and  {p  —  q),  Fig.  13  (page  396),  which  are  nearly  identical 
except  within  the  range  indicated  above. 

In  order  to  obtain  the  normal  stress  distribution  p^  over  planes 
parallel  to  the  surface,  the  values  of  p^  are  calculated  from  the 
expression — 

Pn  =  P  cos-  0  -}-  q  sin-  6 

and  are  plotted  in  Fig.  14.     These  latter  curves  also  permit  the 

accuracy  of  the  measurements  to  be  checked  by  reference  to  the 

load,  and  with  the  exception  of  the  last  two  planes  the  error  is 

found  to  be  less  than  ±  5  per  cent,  as  the  Table  indicates. 

On  parallel  planes  more  remote  from  the  surface,  the  minor 

principal    stress     rapidly    loses     any    importance     and     becomes 

insignificant  at  distances  of  more  than  0*125  inch  from  the  top 

surface,  until  the  influence  of  the  distribution  at  the  lower  surface  is 

felt.    This  is  indicated  by  the  curves  Fig.  13  (page  396),  in  which  the 

maximum  values  at  intermediate  planes  tend  towards  coincidence 

and  then  diverge  again  as  the  distance  increases.     Part  of  this 

divergence  is  possibly  attributable  to  experimental  error,  as  there 

is   greater   difficulty    in    determining    small    stresses   optically   as 

compared  with  large  ones,  and  the  presence  of  small  initial  stresses  is 
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Fig.  13. 


Values  of  {p+  q). 

Distance  between  horizontal 
grid  lines  =  500  lb. 
per  sq.  inch.^ 


Values  of  {p  —  q). 

Distance  between  horizontal 
grid  lines  =  500  lb. 
per  sq.  inch. 
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Fig.  I'i.—Yahies  of  P„ . 

Distance  between  horizontal  grid 
lines  =  200  lb.  per  sq.  inch. 
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more  noticeable.  The  observations  in  fact  agree  very  weU  witb 
the  load  appUed  for  planes  near  the  upper  surface,  as  the  error 
column  of  Table  6  shows,  but  at  the  extreme  planes  of  observations 
the  error  becomes  comparatively  large. 

To  obtain  further  evidence  on  these  matters,  the  load  was  increased 
and  distributed  over  a  correspondingly  greater  width  of  i  mch  as 


Fig.  15. 
Y 


l"        I  LINES     OF 

ISOCLINIC     LINES    p~     4  ~1    PRINCIPAL     STRESS 

I  I ■ —x^CC 


shown  in  Fig.  15  to  prevent  the  local  failure  of  the  material.  In  this 
latter  case,  the  non-uniform  character  of  the  load  distribution  is  very 
marked,  as  the  observations  at  jf =0-02  inch  show  (Figs.  16  and  17 
and  Table  8).  At  the  centre  the  normal  stress  is  rather  more  than 
1,100  lb.  per  square  inch-  and  rises  to  nearly  1,500  lb.  per  square  inch 
immediately  under  the  extreme  edge  of  the  upper  pressure  plate, 
while  there  is  a  cross  stress  of  about  525  lb.  per  square  inch  at  the 
centre,  which  diminishes  to  zero  and  changes  sign  very  abruptly 
in  the  neighbourhood  of  this  maximum  normal  stress.     Effects  of 
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Fig.  16. 


Values  of  (p  +  q). 
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0*40 


0-50 


Fig.  17.— Values  of  P„. 

Distance  between  horizontal  grid  lines 
=  200  lb.  per  sq.  inch. 
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the  same  general  character  arc  observed  up  to  a  distance  of  nearly 
0  •  1  inch  from  the  edge,  but  from  this  distance  onwards  both 
{p -h  q)  and  {p  —  q)  have  maximum  values  at  the  central  section. 
All  the  observations,  in  fact,  go  to  show  a  distribution  of  load  which 
is  far  from  uniform  both  at  the  upper  and  lower  surfaces  of  the  block, 
while  the  stress  conditions  which  obtain  in  the  interior  are  largely 
conditioned  by  these  and  the  proximity  of  the  sides. 


Distribution  op  Stress  in  Blocks  Loaded  over  the  Whole 
Extent  of  their  Upper  and  Lower  Surfaces. 

The  importance  of  this  type  of  loading  has  been  noted  earlier, 
and  the  cases  already  examined  naturally  lead  to  the  inquiry 
whether  it  is  possible  to  so  load  a  short  rectangular  block  as  to 
produce  uniform  compression  throughout.  It  is  sometimes  assumed, 
where  a  central  load  is  applied  to  the  ends  of  such  a  block,  by 
thick  distributing  plates  such  as  are  usual  in  most  forms  of  testing 
machines,  that  it  is  uniformly  stressed  throughout,  but  this 
is  not  usually  the  case,  for  if  the  materials  pressed  together 
are  of  a  different  nature,  the  stress  distribution  is  apparently 
always  non-uniform,  no  matter  how  well  the  faces  may  be 
prepared.  This  is  illustrated  by  the  case  of  a  square  block 
pressed  between  brass  plates,  which  shows  zones  of  non- 
uniform stress  at  the  ends  which  only  disappear  when  the 
distance  from  the  contact  surface  is  appreciable.  The  pressure 
between  these  dissimilar  materials  apparently  gives  rise  to 
considerable  tangential  stress  at  the  common  boundary  and  lateral 
expansion  is  prevented.  If,  however,  a  very  extensible  material, 
such  as  a  thin  sheet  of  rubber,  is  interposed,  the  tangential  stress 
is  reversed  and  the  lateral  strains  become  abnormally  great,  especially 
near  the  central  vertical  section  ;  they  are,  however,  fairly  uniform 
throughout  the  depth.  The  tangential  forces  over  the  end  boundaries 
produce  considerable  tensional  stresses  in  the  material  in  the 
direction  of  the  thickness  of  the  plates.  This  disruptive  effect  has 
been  frequently  observed  in  compression  tests  of  stone  blocks,  when 
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the  faces  under  load  are    covered  by  thin    sheets  of   lead.*     The 
experimental   evidence,  therefore,   goes  to  show  that  in  order   to 
obtain  pure  compression  stress  in  a  block  the  contact  faces  must  be 
similar  and  equal,  and  of  the  same  material.     These  conditions  are 
approximately  fulfilled  by  interposing  similar  end  plates  of  sufficient 
length,   as   may   be  shown    in    the  polariscope  when  a  square  is 
compressed  between  two  plates  of  like  material  and  of  the  same 
cross   section.     When   loaded   in  this   manner   an   approximately 
pure     compression    stress     is    obtained,     but     even    with     these 
precautions  it  may  not  be  perfect,  as  the  experimental  analysis  of 
Table  9  (page  413)  shows.  With  a  total  load  of  260  lb.,  corresponding 
to  a  mean  ^stress  of  1,030  lb.  per  square  inch,  there  is  nearly  pure 
compression   stress   at   the   upper   and   lower   bounding   surfaces, 
although  not  quite  uniform,  as  the  plotted  values  of  Fig.  18  indicate. 
The  cross  stress  q  is  insignificant,  but  towards  the  centre  this  latter 
becomes  an  appreciable  tension,  and  has  an  approximately  parabolic 
distribution  as  the  Figure  shows,  with  a  maximum  value  at  the 
centre  of  the  block  of  rather  more  than  5  per  cent  of  the  numerical 
value  of  the  applied  pressure. 

A  block  of  one-half  this  depth  gives  rather  better  results,  and 
when  loaded  in  this  manner  almost  perfectly  pure  compression  stress 
is  obtained. 

The  Influence  of  Contact  Stresses  in  the  Testing  of 
Materials. 
It  is  a  well-known  and  often  disconcerting  circumstance  in 
experiments  on  the  tensile  strength  of  materials,  that  metal  bars  and 
rods  often  fracture  at  the  gauge-points  or  even  outside  these  limits, 
especially  in  hard  materials.  The  reasons  for  the  latter  type  of 
fracture  have  been  examined  recently,t  but  so  far  as  the  Authors 
are  aware  the  exact  efiect  of  the  minute  indentations  required  for 

*  "  The  Testing  of  Materials."    W.  C.  Unwin,  F.R.S.  Ist  edition,  page  417. 

t  "Photo-Elastic  Measurements  of  the  Stress  Distribution  in  Tension 
Members  used  in  the  Testing  of  Materials."  E.  G.  Coker,  Proc.,  Inst.C.E., 
vol  ccviii,  Part  ii,  1918-19. 
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tlie  attachment  of  extensomctcrs  lias  not  been  examined.     Although 
fractures  at  the  gauge-points  are  frequent  in  unyielding  material, 


Fig.  18. — Pressure  Distribution  in  1  inch  x  1  inch  x  0-254  inch  Block 
with  Secondary  Pressure  Plates  0-4  inch  deep. 

Load  Applied  2G0  lb. 


1,100 


I'O     INCH 


they  also  occur  in  cases  where  the  substance  becomes  very  plastic, 
and  this  is  well  shown  by  a  specimen  of  forged  manganese  steel 
kindly  sent  by  Sir  Robert  Hadfield  for  examination.  This  specimen 
was  in  the  form  of  a  round  bar  with  enlarged  ends,  Fig.  19, 
machined  to  fit  the  shackles  of  a  10-ton  Buckton  testing-machine 
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Fig.  19.—Hadfield's  Test-Bar,  48725. 
Initial  Condition  of  Specimen :  Surface  finished  smooth  by  grinding. 
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at  University  College.  Owing  to  the  high  tensile  strength  of  the 
material,  it  was  found  necessary  to  make  the  specimen  of  rather 
small  diameter,  in  order  to  carry  the  test  to  completion.  The 
salient  features  of  the  test  are  recorded  in  Fig.   19  of  the  load 


Data  of  Fig.  19  (page  409). 


Initial. 

Final. 

Distance  between  Gauge-Points 

Mean  Diameter         ..... 

Inches. 
8-00 

0-4324 

Inches. 
12-04 

0-3532 

Modulus  .         .   (between  0-2  and  1-0  ton) 

Elastic  Limit    ....       (2  tons) 

First  Yield-Point       .         .         .   (3-2  tons) 

Breaking  Stress          .         .         .  'J-G5  tons) 

Equivalent  Elongation  in  8  ins.  .  (4-08  ins.) 

Minimum  Diameter  at  Fracture 

Reduction  in  Area     ..... 

Ultimate  Stress  at  Minimum  Section  away"> 
from  Point  of  Fractiire.    (Diam.0-35in.)/ 

28-5  X  10^  =  lb.  persq.  inch 

30,520  lb.  per  sq.  inch 

48,850  lb.  per  sq.  inch 

147,300  lb.  per  sq,  inch 

51  per  cent 

0-323  inch 

43  per  cent 

224,650  lb.  per  sq.  inch 

Character  of  Fracture      .         .  Fibrous  with  silky  lustre. 

I                Place  of  Fracture    .         .         .  Lower  Gauge-Points. 

i 

Temperature  of  Laboratory      .   55"  F. 

Date  of  Test   .         .         .         .1st  April  1920 

extension  diagram,  from  which  it  appears  that  this  material  has  a 
high  elastic  limit  and  yield-point,  and  a  great  capacity  in  the  plastic 
condition  for  stretching  under  load,  coupled  with  a  very  liigli 
ultimate  stress.  The  remarkable  quality  of  this  material  is 
indicated  by  the  data  obtained,  from  which  it  will  be  observed  that) 
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the  total  elongation  at  fracture,  measured  on  an  8-inch  length, 
amounted  to  51  per  cent,  and  was,  moreover,  distributed  very 
uniformly  throughout  its  length,  as  the  Figure  shows.  The  specimen 
broke  at  a  load  of  9  -65  tons,  corresponding  to  a  stress  of  147,300  lb. 
per  square  inch  of  the  original  section  and  224,650  lb.  per  square  inch 
of  the  actual  section  at  fracture,  which  latter  occurred  at  a  gauge- 
point,  although  every  care  possible  was  taken  to  avoid  this  by  using 
very  minute  centres  for  the  support  of  the  Ewing  extensometer 
employed. 

The  test,  therefore,  does  not  show  the  true  strength  of  the 
material  at  fracture,  owing  to  the  effect  of  the  small  indentations, 
causing  a  break  at  a  definite  place  fixed  by  the  conditions  imposed 
by  the  test.  It  is  also  possible  that  the  cross-sectional  area  at 
fracture  is  affected  by  the  same  cause. 

This  example  is  typical  of  the  general  difficulty  which  occurs  in 
this  kind  of  testing,  and  it  has  led  to  various  devices  for  avoiding 
indentations  or  scratches  in  test-pieces.  The  problem,  in  fact, 
presents  a  case  of  contact  stress  of  practical  importance,  which 
appears  to  warrant  further  investigation,  in  order  to  ascertain  the 
changes  in  stress  distribution  caused  by  various  methods  used  in 
determining  the  tensile  strength  of  materials.  A  form  of  gripping 
device  to  imitate  the  action  of  point  or  line  grips  was  therefore 
constructed,  in  which  the  pressure,  applied  laterally,  could  be 
measured.  This  consisted  of  a  U-shaped  frame,  shown  in  side  and 
end  elevation.  Fig.  20,  to  grip  a  tension  member  A.  The  frame  B 
is  made  in  two  parts  connected  by  a  thin  steel  plate  fidcrum  C,  and 
at  a  convenient  distance  from  this  latter  there  are  a  pair  of 
adjustable  screws  D,  the  inner  ends  of  which  are  bored  out  to  receive 
various  types  of  gripping  devices.  Those  shown  in  the  Figure  are 
small  cylindrical  steel  pins,  but  others  were  also  used,  such  as  knife- 
edges,  cylinders  and  flat  plates  of  various  widths. 

A  measurable  load  is  applied  to  the  grips  by  a  rod  E  screwed  at 
one  end  and  furnished  with  an  adjustable  nut  F  bearing  against  a 
pivoted  washer  G  to  ensure  axial  loading.  At  the  opposite  end,  the 
rod  E  is  attached  to  a  calibrating  spring,  the  compression  of  which 
measures  the  applied  load,  while  a  micrometer  scale,  not  shown  on 

2  E  2 
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the  diagram,  indicates  when  the  long  arms  of  the  frame  B  are  exactly 
parallel,  and  therefore  producing  oppositely  directed  loads.  For 
convenience  the  holes  in  the  frame  B  are  arranged  so  that  the  screws 
D  and  the  load  measuring  device  E,  F,  G,  can  be  interchanged  to 


Fig.  20. — Loading  Arrangement. 

Dimensions  of  Specimen        .         .        0-9984  inch  x  0-1585  inch. 

Comparison  Test-piece  .         .        0-3750  inch  x  0-1573  inch. 

Thickness  assumed  for  Calculation  of  Stresses  (Standard)  O'l  inch. 

Width  of  Specimen  taken  as  1*000  inch. 


c  y^'^^^* " 


STEEL     PLATE (FULCRUM) 


give  a  greater  range  for 
device  is  also  balanced 
screws  D. 

The  lateral  loads  due 
only  injure  the  specimen 
but  they  may  also  chan 
shown  in  Fig.  21  (page 
applied    by    knife-edges 


experiment.     The  weight  of  the  gripping 
by  counterpoise  weights  applied  to  the 

to  screw  points  gripping  the  specimens  not 

and  often  determine  the  place  of  fracture, 

ge  the  stress  distribution,  and  this  is  well 

411),  in  which  lateral  pressures  of  15  lb., 

having    an    angle    of    (iO°,    change    the 
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TABI-E  0.—3Iensm-emenis  on   1    inrh  x   1    inrh  x  0*252  inch 

Block  wilh  Secondary  rrci^snre  Flairs   0-4  inch  deep. 

Applied  Load  260  Ih. 


;         i 
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Fig.  21. — Isoclimc  Lines  and  Lines  of  Principal  stresses  in  a  Tension  Member. 


March  1921.  CONTACT    PRESSURES   AND   STRESSES.  415 

character  of  a  simple  tcnsiou  stress  due  to  a  total  load  of  45  lb.  into 
a  distribution  of  considerable  cxjmplexity.  In  this  case  the  lines 
of  equal  inclination,  determined  experimentally,  are  shown  on  the 
left-hand  side,  and  from  these  are  drawn  the  orthogonal  curves  of 
principal  stress.  In  a  simple  tension  test,  these  lines  should  be  parallel 
and  perpendicular  to  the  straight  contours  of  the  specimen,  and  the 
actual  lines  show  how  very  great  is  the  change  in  the  type  of  stress 
due  to  the  lateral  pinch,  and  demonstrate  that  simple  tensional 
stress  is  only  regained  at  an  axial  distance  from  the  loading  of 
rather  more  than  half  the  width  of  the  bar.  'The  experimental 
values  in  this  case  are  important  as  indicating  the  character  of  the 
disturbance  in  the  stress  conditions,  and  why  failure  is  likely  to 
occur  at  the  section  under  the  combined  effects  of  the  lateral  stress 
due  to  a  permanent  indentation  combined  with  longitudinal  pull. 

The  results  obtained  encouraged  the  Authors  to  proceed  further 
with  this  part  of  the  investigation,  and  it  was  resolved  to  measure 
the  distributions  obtained  with  various  forms  of  contacts  appUed 
laterally  to  the  bar,  especially  as  a  cylindrical  roller  contact  had  been 
found  very  useful  in  testing  the  mechanical  properties  of  thin  strip 
steel,  used  for  aeroplane  structures  during  the  war.  Such  material 
is  especially  difficult  to  test,  as  a  scratch  or  indentation  generally 
determines  the  place  of  fracture.  In  order,  therefore,  to  measure 
the  extension  of  the  material,  an  arrangement  was  devised  which 
was  found  to  work  satisfactorily.  Clips  were  provided,  on  the  inner 
sides  of  which  were  slots  containing  cylindrical  pins,  housed  so  that 
they  projected  a  very  slight  amount  beyond  the  inner  faces  of  each 
member  of  the  clip,  and  these  pins  were  pressed  against  the  specimen 
when  the  clips  were  drawn  together  by  small  bolts.  This 
arrangement  gave  a  sufficient  grip  to  support  an  extensometer 
from  the  clips  without  injuring  the  material,  and  in  practice  the 
strip  broke  within  the  gauge  length.  In  the  testing  of  nitro-cellulose, 
narrow  blocks,  cemented  to  the  edges  of  a  strip,  have  been  employed 
instead  of  clips,  and  this  latter  arrangement  also  proved  fairly 
successful. 

An  examination  of  the  essential  features  of  both  these  forms  was 
carried  out,  therefore,  and  compared  with  some  calculations,  which 
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are  fortunately  available.  Trof.  Filou  has  shown  *  that  the  stress 
produced  by  oppositely  directed  forces  applied  perpendicularly  to 
the  sides  of  a  rectangular  strip,  of  breadth  26,  can  be  evaluated,  and 
he  obtains  for  the  stresses  the  following  values  : — ■ 


Fig.  22. 


y 
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The  numerical  values  of  the  stresses  along  the  axes  of  symmetry 
have  been  obtained,  although  with  much  labour,  for  the  case  where 
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W  =  1("M)  II).,  26-1  incli,  and  the  thicknes.s  of  the  ."^trip  is  ,',,  incli,  anrl 
their  values  are  recorded  in  the  accompanying  Table  10  (page  418) 
for  comparison  purposes.  It  maybe  remarked  in  passing  that  these 
numerical  values  were  found  to  agree  with  some  given  in  the  Paper 


Fig.  23. — Tlmoretical  Eesnlts. 
b  =1"- 


4— W 


1,000 


2,000 


3,000 


5,000 


■'-7,000 


already  cited,  but  the  Authors  were  obliged  to  extend  the  range 
to  suit  the  particular  purpose,  while  for  convenience  of  calculation 
the  values  of  y  and  5  were  obtained  from  the  more  convenient 
expressions  of  the  sums  and  difierences  of  the  principal  stresses. 
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Thus  for  ^  =  0  the  formulae  above  give 
,  4W       f" 

with  expressions  of  a  similar  type  for  (pi  ±  Ji) 


■   u  1 — ;~^     •  COS   ,    •  du 


u  cosh  u  ux      ^ 

■   iTK^rT,     •  COS   ,    •  du 


TABLE  10. 

Data. 


Breadth 
Thickness 
Pull      . 
Pressure 


2b  =  2  inches. 
t    =22  =  0-1  inch. 
P  =0. 
W=1001b. 


Stresses  along  ',  =  0. 


y 
b 

0-0 

0-1 

0-2 

0-3 

0-4 

0-5 

0-6 

0-7 

0-8 

0-9 

Pi 

249 

252 

257 

264 

279 

292 

319 

347 

388 

431 

3i 

-920 

-933 

-972 

-1046 

-1166 

-134] 

L  -1647 

-2150 

-3200 

-6870 

Stresses  alone  Line  ,  =  0. 

0 

X 

b 

0-0 

0-1 

0-2 

0-3 

0-4 

0-5 

0-6 

0-7 

0-8 

0-9 

1-0 

1-1 

P. 

249 

236 

202 

153 

65 

45 

-4 

-37 

-63 

-74 

-81 

-82 

Qi 

-920 

-895 

-830 

-67( 

)-586 

-501 

-388 

-289 

-205 

-142 

-93 

-55 

The  values  so  obtained  are  plotted  for  convenient  reference  in 
Fig.  23  for  comparison  with  the  cases  selected. 

It  will  be  observed  that  p  is  small  along  either  axis  and  the  labour 
of  separating  p  and  q  is  hardly  justified,  so  that  we  are  content  to 
compare,  in  all  cases,  the  optical  values  of  stress  distribution  with 
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TABLE    11. 

Table  of  {p  —  q)  Vahiex). 


Calcu- 
lated. 

60deg 
knife 
edge. 

1 

Flat. 

Round  Pin. 

!  Width  Width  Width 

Diam.  Diam.  Diam. 
A  in-    sio.    T^^in. 

Diam. 
iin. 

0-0 

2,340 

1,990  2,150 

2,410   1,970 

2,120   2,170   2,150 

2,1501 

0-2 

2,460 

1,960'  2,200 

2,490   2,075 

2,260   2,160  2,150 

1,320 

0-4 

2,890 

2,380 

2,690 

2,950   2,280 

2,440 

2,270   2,280 

2,560 

0-6 

3,930 

3,290 

3,520 

3,815   2,560 

3,460 

3,370  2,580 

3,400 

0-7 

4,994 

3,980 

4,640 

5,270 

2,840 

4,350 

4,040  3,900 

4,560 

1 

y 

b  ~ 

0-8 

7,116 

5,510 

7,140 

6,065   2,800 

6,880 

6,720   5,920 

7,240 

0-84 

9,200 

6,930 

9,040 

6,865   2,650 

9,340 

8,300  7,910 

9,060 

0-88 

11,600 

8,530 

14,000 

6,165   1,880 

12,840 

11,10013,080 

10,920 

0-90 

13,600 

9,960 

15,700 

5,220   1,650 

15,300 

13,24014,600 

1 

12,600 

0-92 

-- 

12,100 

18,200 

4,450   1,370 

— 

15,400 

15,880 

0-94 

— 

18,300 

— 

4,050       930 

— 

— 

— 

— 

0-96 

— 

23,800 

— 

— 

825 

—         — 

— 

— 

0-98 

— 

— 

—     ■     — 

— 

— 

— 

— 

1 

00 

2,340 

1,990 

2,100 

2,420 

1,995 

2,120 

2,170 

2,150 

2,150 

0-2 

2,064 

1,814 

1,820 

2,350 

1,720 

1,620 

1,680 

1,880 

1,880 

X 

0-4 

1,302 

1,460 

1,200 

1,540 

1,320 

1,300 

1,060 

1,100 

1,440 

0-6 

768 

1,100 

440 

830 

610i 

800 

740 

530 

1,040 

I  "^ 

0-8 

284 

427 

300 

300 

320j 

290 

400 

210 

230 

1-0 

24 

0 

20 

20 

40 

60 

60         60 

40 

I 

1-2 

-120 

-107 

-20 

-130    -150 

-80 

-120    -100 

1            1 

-110 
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Mio  calfulatioiis.  All  the  rPsuH.s  so  obtained  along  both  axos 
are  recorded  in  the  accompanying  Table  11,  and  are  plotted  in 
diagram  form  to  facilitate  comparison.  The  distribution  obtained 
with  knife-edges  is  perhaps  the  most  interesting  from  a  theoretical 
aspect,  since,  as  Fig.  24  shows,  there  is  a  good  agreement,  especially 


Fig.  24. — Stresses  (p—q).     Set  1. 


o   4.,000 


2,000 


0-4  0«3"  0*2  0«  1' 

DISTANCE      FROM      CENTRE      LINE 

OF       SPECIMEN    (inches) 


along  the  centre  line  of  the  member  where  the  stress  is  small  and 
somewhat  difficult  to  measure.  Along  the  axis  of  the  applied  load 
the  agreement  is  apparently  less  satisfactory,  since  all  the  measured 
values  are  less  than  those  obtained  from  calculation,  but  the 
discrepancy  is  easily  explained  by  a  circumstance,  already  pointed 
out  in  the  experiments  of  Carus-Wilson,  that  the  application  of 
pressure  along  a  line  by  means  of  a  knife-edge  causes  the  latter  to 
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sink  into  the  material,  and  for  a  true  comparison  the  experimental 
curves  must  be  depressed  an  appreciable  amount.  With  this 
correction,  amounting  in  this  case  to  ^\  inch,  the  agreement  is 
close    and    affords    a   verification,    if    such   were   needed,  of  the 

Fig.  26.— Stresses  {p-g). 


6,000 


4,000 


2,000 


0.4-  0-3  ■  0-2"  0-1 

DISTANCE      FROM      CENTRE       LINE 
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accuracy  of  the  analysis.  The  extent  of  the  area  afiected  by 
a  lateral  pinch  is  indicated  by  Fig.  25,  Plate  17,  and  the  disturbance 
produced  by  centres  are  easily  realized  from  the  colour  bands. 

If  instead  of  a  knife-edge,  a  roller  is  appUed,  the  agreement  is 
still  satisfactory,  as  Fig.  26  shows,  although  in  each  case  the  roller 
produces  some  depression,  which  tends  to  cause  the  experimental 
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Fig.  27.— Stresses  (p-q). 
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curve  to  lie  above  the  calculated  values.  After  a  correction  for 
this  is  made,  both  sets  of  values  are  in  very  good  agreement.  The 
same  remark  also  applies  to  the  smallest  flat  block,  but  if  the  area 
of  the  block  is  increased,  there  is  a  marked  divergence,  as  Fig.  27 
shows,  and  the  curves  have  a  maximum  value  with  a  turning  point 
like  those  obtained  when  a  finite  length  of  a  large  plate  is  under 
compression  and  due  to  the  same  cause,  namely,  the  approach  to 
equality  of  p  and  q  gi^^ing  a  zero  value  directly  underneath  the  block, 
as  indicated  by  dotted  lines  in  the  region  where  it  was  found  very 
difficult  to  obtain  an  accurate  measurement. 

The  inherent  difficulty,  which  these  experiments  show,  ol 
determining  the  true  strength  of  a  material  under  a  tension  load, 
when  it  is  necessary  to  make  an  indentation  or  scratch,  however 
minute  it  may  be,  has  resulted  in  attempts  to  avoid  this  source  of 
error  altogether,  and  it  is  of  interest  in  this  connexion  to  note  that 
Prof.  Dalby,  who  has  devised  an  autographic  testing-machine  of 
great  perfection,  has  found  it  necessary  to  abandon  the  ordinary 
methods  of  attaching  an  extensometer.  In  his  arrangement  the 
specimen  is  turned  from  a  solid  bar  with  collars  spaced  a  convenient 
distance  apart,  and  the  extension  between  these  latter  is  measured 
by  suitable  mechanism  bearing  lightly  against  the  collars. 

At  Prof.  Dalby's  suggestion  the  Authors  have  examined  the 
effects  produced  by  the  sudden  enlargement  of  the  cross  section  of 
such  a  test-piece. 

The  exact  determination  of  the  effect  of  a  cylindrical  collar  is  a 
difficult  problem,  although  possibly  not  an  insuperable  one,  but 
the  case  of  a  plane  section  of  such  a  test-bar  is  relatively  simple  and 
possibly  not  very  different  from  that  of  a  specimen  in  the  round. 
It  has,  in  fact,  been  shown,  *  in  another  analogous  case,  that  a  change 
of  section  causes  a  somewhat  more  widely  distributed  local  stress 
for  round  specimens  than  for  a  flat  strip  of  the  same  contour.  The 
type  of  stress  distribution  is  obviously  not  quite  the  same,  but  the 
indications  afforded  by  the  problem  in  plane  stress  are  valuable  as 
a  guide  to  what  happens  in  the  cylindrical  specimen. 


^  hoc.  cit.,  ante  p.  42, 
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The  standard  form  used  by  Prof.  Dalby  is  shown  in  the 
accompanjdng  Fig.  28,  and  consists  of  a  f-inch  round  bar  provided 
with  collars  1  inch  in  diameter,  y\,  inch  thick,  and  5  inches  apart, 
and  having  enlarged  and  screwed  ends  for  applying  load  in  the 
testing- machine  at  a  sufficient  distance  away  to  ensure  no  uneven 
distribution  of  stress  from  these  screwed  ends. 


Fig.  28. — Standard  Form  of  Dalby  Test-])iece. 
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The  merging  of  the  collars  into  the  bar  is  effected  by  fillets  of 
0-04-inch  radius,  and  of  the  outer  enlarged  ends  by  curves  of  |-inch 
radius.  The  measurement  of  the  distribution  of  stress  in  the 
screwed  ends  is  a  difficult  matter  and  outside  the  scope  of  this 
investigation.  It  is  not  considered  here.  A  slight  increase  of  stress 
is  known  to  occur  near  the  join  of  the  straight  contour  with  the 
curves  of  large  radius,  but,  as  these  latter  effects  have  been  measured 
and  described  elsewhere,*  it  is  not  necessary  to  refer  to  them  further. 
The  full  sized  model  test-piece,  which  formed  the  subject  of  the 
experiments  described  below,  was  shaped  in  the  manner  shown  in 
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the  lower  part  of  Fig.  28,  in  which  the  exact  contour  is  preserved 
up  to  the  enlarged  ends,  and  the  load  is  applied  through  pins 
sufficiently  distant  from  the  discontinuities  to  ensure  uniform  stress 
in  the  enlarged  ends  before  change  of  section  takes  place. 

"When  this  bar  is  subjected  to  a  moderate  load  and  viewed 
in  the  polariscope,  the  colour  effects  appear  to  indicate.  Fig.  29, 
Plate  17,  that  in  the  neighbourhood  of  the  flanges  and  at  the 
rounded  contour  there  is  a  local  increase  of  stress,  but  the 
general  effect  of  the  enlargement  appears  to  decrease  the  stress 
intensity  along  the  lines  of  a  truncated  quadrilateral,  while 
across  the  central  section  there  are  some  indications  of  stress 
variation,  as  the  photograph  shows.  The  outermost  parts  of  the 
flanges  are  under  no  stress,  but  their  inner  parts  are  subjected  to  a 
somewhat  complex  stress  distribution,  which  gives  rise  to  an 
increased  tension  near  the  join  of  the  fillet  with  the  parallel  contours, 
and  becomes  equal  to  the  mean  value  corresponding  to  the  load  at 
a  small  distance  from  the  discontinuity.  It  is  also  fairly  evident 
from  the  colour  pictiire  obtained  in  the  polariscope  that  the  stress 
is  symmetrically  disposed,  and  that  the  enlarged  ends  do  not  produce 
an  unsymmetrical  distribution  at  the  flanges. 

The  experimental  determination  of  the  distribution  in  such  a 
case  can  be  completely  solved  by  measuring  the  directions  of 
principal  stress  and  their  magnitudes,  on  the  assumption  that  the 
variation  of  stress  throughout  the  thickness  of  the  plate  is  negligible. 

The  former  are  determined  from  the  isoclinic  lines  shown  on  the 
right  hand  of  Fig.  30,  from  which  it  appears  that  at  the  enlargement 
caused  by  the  flanges  the  lines  of  principal  stress  parallel  to  the  axis 
bulge  outwardly  in  a  somewhat  abrupt  fashion  accompanied  by  a 
divergence  of  the  transverse  orthogonal  lines.  The  disturbing 
effect  of  this  enlargement  on  the  lines  of  principal  stress  is  small, 
however,  and,  so  far  as  this  kind  of  evidence  shows,  it  appears  to 
indicate  that  the  variation  in  the  distribution  of  stress  is  not  very 
great. 

In  order  to  determine  the  stress  distribution  accurately,  a 
number  of  cross-sections  were  examined  in  the  neighbourhood  of 
discontinuity  and  the  values  of  {p  ±  q)  measured  along  them.  These 
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values  are  recorded  in  Table  12  (page  428),  and  a  few  of  these  are 
plotted  in  Fig.  31  to  show  their  general  character. 

At  the  central  section  it  is  noticeable  that  the  {p  —  q)  curve  of 
distribution  is  above  that  of  the  corresponding  (p  +  q)  curve  for 
the  greater  part  of  the  section,  and  that  it  rises  slightly,  as  we 
proceed,  away  from  the  axis  and  reaches  a  maximum  value  at  a 


Fig.  30. — Directions  of  Principal  stresses. 


Lines  of 
Principal  Stresses. 


Lines  of  Equal  Inclination. 

Angles  measured  in  the 

counterclock  direction. 


distance  of  about  0-23  inch  from  the  central  line,  as  the  colour 
effects  indicated.     There  is  then  a  rapid  decrease  to  a  zero  value. 

The  measurements  show,  in  fact,  that  the  tensional  stress  across 
this  section  is  fairly  uniform  for  two-tenths  of  an  inch  on  each  side 
of  the  central  line,  with  a  little  rise  as  we  go  outwards,  and  then 
rapidly  dies  away.  It  is  accompanied  by  a  compressional  cross 
stress  of  small  magnitude,  which  reaches  a  maximum  value  at  a]:>out 
X  =  0-23  inch  and  changes  sign  when  x  =  0-3  inch  approximately. 

This  distribution  is  characteristic  of  all  the  sections^in  varying 
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degree  up  to  Y  =  0*05  inch,  where  the  main  discontinuity  ceases, 
and  only  the  rounded  corners  remain  to  increase  the  breadth  of  the 
section.  We  find  the  (7)  ±  q)  lines  still  cross,  but,  instead  of 
terminating  at  zero,  they  reach  a  maximum  at  the  curved  contour. 

It  is  interesting  to  note  in  passing  that  these  measurements  show 
the  same  kind  of  variation  which  occurs  when  the  enlarged  portion 
is  very  much  longer,  and  that  some  increase  of  stress  appears  to  be 
inevitable  within  the  elastic  limits  of  the  material  whenever  there  is 
a  symmetrical  enlargement  connected  to  the  main  tension  member' 
by  any  form  of  curve. 

An  idea  of  the  general  accuracy  of  these  measurements  may  be 
obtained  by  integrating  the  normal  stress  p„  across  each  section 
and  comparing  the  value  so  obtained  with  the  actual  load.  It 
will,  however,  be  noticed  that  q  is  small  and  that  it  changes  sign, 
so  that  if  it  is  neglected  altogether  the  error  is  hardly  appreciable. 
The  other  principal  stress  p  is,  moreover,  nearly  normal  to  the 
cross  section  everywhere,  so  that  if  t  be  the  thickness,  we  have 

"W  =  t  jp^^  •  dx  =  t  •  Ip  ■  dx  very  nearly,  and  we  may  take  this  latter 

value  without  appreciable  loss  of  accuracy.  This  approximate 
check  on  the  general  accuracy  of  the  measurement  is,  under  these 
circumstances,  likely  to  account  for  slightly  more  than  the  load  of 
100  lb.,  as  in  fact  actually  turns  out  to  be  the  case,  Table  12, 
except  one  section  where  the  error  is  slightly  in  defect. 

Except  in  two  instances  the  error  does  not  amount  to  more  than 
5  per  cent  and  the  average  error  is  +2-53  per  cent,  which  would 
probably  be  reduced  somwehat  if  q  were  taken  into  account,  and 
the  inclinations  of  both  principal  stress  to  the  cross  sections 
considered. 

It  is  an  interesting  feature  of  this  form  of  test-piece  that  a 
change  in  the  radius  of  the  fillet  does  not  appear  to  exercise  a  very 
marked  influence  on  the  stress  produced.  It  appears  always  to 
cause  a  local  concentration  of  stress,  but  its  efiect  does  not  change 
very  much  with  curvature,  whereas  in  re-entrant  angles  the  maximum 
stress  rises  rapidly  with  the  curvature. 

In  order  to  examine  this  with  some  accuracy,  measurements 
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TABLE  13. 


Degrees. 

R=i  in. 

R=Ain. 

R=012in. 

R=0-06in. 

R=Oin. 

70 

— 

0 

0 

9 

— 

60 

137 

65 

370 

201 

— 

50 

405 

438 

720 

560 

— 

40 

679 

952 

1360 

1258 

— 

6=30 

1398 

1314 

1764 

1640 

— 

20 

1870 

1773 

2004 

1848 

— 

15 

2015 

1893 

2056 

— 

— 

10 

2140 

2015 

2090 

2100 

— 

5 

2150 

2100 

2090 

— 

— 

0=0 

2060 

2145 

2035 

2160 

— 

Inch. 

0-02 

2020 

2100 

1960 

2120 

/2174 
\2060 

0-04 

1940 

2020 

1870 

1780 

1906 

0-06 

1860 

1900 

1770 

1740 

1780 

0-08 

=  D 
0-10 

1800 
1760 

1760 
1730 

1700 
1620 

1658 
1620 

1690 
1650 

0-15 

1710 

1600 

1600 

— 

1620 

0-20 

1700 

1600 

1630 

— 

0-25 

— 

1610 

1600 

— 

— 

0-30 

1668 

1620 

1600 

— 

— 
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were  made  along  the  boundary  of  an  enlarged  member,  in  which 
all  the  conditions  were  kept  constant,  except  the  radius  of  the  fillet. 
At  such  a  boundary  the  minor  principal  stress  vanishes  and  either 
optical  or  mechanical  measurements  suffice,  but  the  former  are 
preferable  owing  to  the  ease  with  which  they  can  be  made  at  the 
boundary.  Some  of  these  are  shown  in  the  accompanying 
Table  13  and  are  plotted  in  Fig.  32,  for  a  member  three  times 
full  size  under  a  load  of  300  lb.,  which  latter  load  corresponds  to 
a  mean  stress  of  1,600  lb.  per  square  inch.  In  every  case  a 
maximum  stress  of  more  than  2,090  lb.  per  square  inch  is 
observed,  but  it  is  noteworthy  that  the  extreme  cases  give 
very  small  differences,  for  with  a  radius  of  |  inch  the  stress  rises 
to  2,150  lb.  per  square  inch,  and  for  the  smallest  radius  that 
could  be  fashioned  the  corresponding  stress  is  only  very  slightly 
increased.  The  experiments,  in  fact,  appear  to  show  that, 
although  flanges  cause  a  local  increase  of  stress,  the  form  of  the 
curve,  by  which  they  merge  into  the  main  body  of  the  member,  is 
not  very  important  pro\Tided  it  does  not  undercut  the  specimen. 

On  the  whole,  the  evidence  afforded  by  the  above  examination 
appears  to  us  amply  to  justify  the  use  of  this  form  of  test-piece  for 
tension  tests,  although,  as  Fig.  32  shows,  there  is  a  local  increase 
of  stress  at  or  near  the  join  of  the  straight  contour  with  the  flanges. 
This  local  concentration  is,  however,  met  with  in  the  usual 
standard  forms  under  less  advantageous  circumstances. 

In  conclusion,  the  Authors  desire  to  express  their 
acknowledgments  of  the  help  they  have  received  during  the 
progress  of  this  investigation  from  the  Department  of  Scientific 
and  Industrial  Research,  and  the  authorities  of  University 
College  also  for  the  great  mechanical  skill  of  Mr.  F.  H.  Withycombe 
in  the  construction  of  the  numerous  pieces  of  apparatus  and 
specimens  required  throughout  this  investigation  which  commenced 
early  in  1914. 

The  Paper  is  illustrated  by  28  Figs,  in  the  letterpress,  and  by 
two  Colour  Plates  Nos.  16-17. 
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Discussion  in  London  on  Friday,  ISth  March  1921. 

The  President  pointed  out  the  interest  and  value  of  the 
information  contained  in  the  Paper,  which  was  the  first  of  the 
kind  read  before  the  Institution.  Papers  of  a  similar  nature  had 
been  published  elsewhere,  but  clearly  a  great  deal  more  still 
remained  to  be  done,  and  he  trusted  that  Professor  Cokcr  and  his 
co-workers  were  continuing  their  experiments,  because  they  could 
not  fail  to  be  of  extreme  interest  to  mechanical  engineers.  The 
colour  prints  which  had  been  shown  made  one  realize  very  vividly 
the  distribution  of  the  stresses,  and  one  of  them  clearly  showed 
how  the  strength  of  a  structural  member  was  weakened  by 
adding  material.  He  proposed  a  most  cordial  vote  of  thanks  to 
the  Authors  for  their  valuable  and  interesting  Paper. 

Sir  Henry  Fowler,  K.B.E.  (Member  of  Council),  formally 
seconded  the  motion,  which  was  carried  with  acclamation. 

'Dr.  H.  S.  Hele-Shaw,  F.E.S.  (Vice-President),  said  that  any 
method  of  research,  which  enabled  the  engineer  to  investigate 
problems  so  that  he  could  improve  the  design  of  both  structures 
and  machines,  was  most  important,  but  when  a  method  was  optical, 
so  that  not  only  could  the  results  be  accurately  measured  but  what 
was  taking  place  during  variation  of  stress  could  be  actually  seen, 
the  value  became  enormously  enhanced.  In  the  application  of  the 
methods  described  in  the  Paper  use  was  made  of  polarized  light. 
The  discovery  and  explanation  of  polarized  light  was  probably 
rather  more  than  a  hundred  years  old.  He  had  that  day  perused 
the  wonderful  and  classic  Paper  by  Sir  Da\'id  Brewster,  who  was 
the  first  to  give  a  consistent  theory  of  the  subject;  though  Professor 
Coker  had  told  him  that  Sir  David  had  suggested  the  use  of  polarized 
light  for  investigating  strains  in  an  arch,  he  had  not  seen  any 
reference  to  this  in  the  above  Paper.  Professor  Filon,  Professor 
Carus  Wilson — and  others  had  also  suggested  applications  of  the 
method  of  polarized  light. 
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There  was  a  consiJcrul)ie  cliffcreiice  lictvvccu  sug<j;esting  the  use 
of  a  method  and  setting  to  work  as  Professor  Coker  had  done,  and 
by  combining  his  mathematical  and  scientific  knowledge  with  his 
engineering  skill  to  follow  up  the  work,  and  he  had,  after  many  years, 
given  engineers  a  practical  method  of  solving  difficult  problems.  In 
the  " Philosophical  Transactions"  last  year  a  Paper  had  appeared 
without  which  the  work  under  discussion  could  scarcely  be  regarded 
as  complete.  In  the  Paper  to  which  he  referred,  the  properties  of 
transparent  nitro-cellulose  had  been  carefully  examined  and  a  large 
amount  of  detail  had  been  given.  The  research  showed  that  the 
results  obtained  by  tlie  use  of  varieties  of  this  substance  were  not 
only  true  within  the  elastic  limit  but  were  also  true  outside  that 
limit,  which  was  very  important  because  it  did  not  require  very 
high  stresses  to  deform  a  block  of  celluloid  or  xylonite. 

He  believed  the  Paper  before  them  was  the  first  representing 
any  practical  attempt  to  deal  with  the  obscure  subject  of  contact 
pressures  or  the  distribution  stress  at  the  point  of  contact.    Members 
were   familiar  with  the  text-book  treatment  up  to   the   present 
in  use  for  dealing  with  transverse  stress,  as  illustrated  by  beam 
and  girder  problems,  and  this  was  simply  to  ignore  the  contact 
effects  at  the  supports   and  point  of  loading,  which  led  often  to 
most  erroneous  conclusions.      For  instance,  a    girder  carrying  a 
uniform  load  and  supported  at  two  points,  if  the  distance  from  the 
ends  of  the  latter  supports  was  (Vl- J)  times  the  lengtb,  then  the 
text-book  result  was  that  the  maximum  stress  was  equal  at  the 
centre  of  the  girder  and  at  the  two  supports.  This  might  be  absolutely 
wrong,  as  the  stresses  at  the  three  points  were  in  general  totally 
different  according  to  the  actual  form  of  the  supporting  surfaces. 
It  was  clear  from  the  colour  diagrams  they  had  seen  that  the  stresses 
at  sharp  corners  might  be  enormous,  and  it  might  be  asked  why, 
if  this  was  so,  the  girder  or  machine  part  did  not  nhmys  fracture  at 
that  point.  The  answer  was  that  the  stresses  were  local,  the  material 
was  indented.    Of  course,  if  the  material  was  very  hard,  it  might 
break  at  the  point  of  contact.  It  so  happened  that  until  the  nature 
of  the  contacts  had  been  investigated,  the  position  of  the  really 
weakest  part  could  not  be  ascertained.  Engineers  had  been  obliged 
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up  to  the  present  to  be  contented  with  an  assumption  which  was 
erroneous.  They  had  now,  however,  a  method  by  which  accurate 
results  could  be  arrived  at  in  regard  to  contact  pressures.  He 
would  like  Professor  Coker  in  his  reply  to  say  if  he  had  combined 
the  new  contact  results  with  calculations  for  transverse  stress,  as 
obviously  this  was  necessary  for  the  complete  treatment  of  the 
subject. 

There  were  three  kinds  of  measurement  taken  by  the  Authors, 
namely,  (1)  the  magnitude  of  the  stress  at  certain  points  ;  (2)  the 
direction  of  the  principle  axes,  and  lastly  (3)  the  isoclinic  lines.  These 
last,  which  gave  the  loci  of  equal  inclination  of  stresses,  were  very 
valuable  although  not  generally  employed  by  engineers,  and  it  was 
a  matter  of  the  greatest  interest  that  mathematical  investigations, 
which  enabled  these  isoclinic  lines  to  be  predicted,  had  been  found 
by  measurements  recorded  in  the  Paper  to  be  verified  in  a  remarkable 
way.* 

The  speaker  next  alluded  to  the  work  in  connexion  with  test- 
pieces,  and  expressed  the  view  that  it  was  a  very  satisfactory  thing 
that  the  cause  of  the  difficulties  in  the  use  of  the  extensometer 
could  be  understood  by  the  optical  method  and  that  the  evil  effects 
of  the  centre  punch  marks  on  specimens  in  connexion  with  such 
instruments  were  so  well  explained  in  the  Paper.  The  Paper  gave 
a  remarkable  result  with  a  specimen  of  Hadficld's  manganese  steel 
which  had  the  breaking  tensile  strength  of  100  tons,  and,  although 
showing  great  extension,  had  ultimately  broken  across  the  minute 
marks  made  for  measuring  elongation.  Not  the  least  valuable  part 
of  the  Paper  was  the  record  of  tensile  stresses  induced  in  the 
neighbourhood  of  the  collar,  which  had  been  suggested  by  Professor 
Dalby  with  a  view  to  obviating  the  almost  universal  ciistom  of 
indenting  the  test-pieces,  between  which  to  measure  such  extensions, 
and  of  carrying  an  instrument  for  doing  this. 

He  would  in  conclusion  remark  that  beautiful  as  the  coloured 


*  The  speaker  wishes  to  say  that  he  had  not  at  that  time  had  an 
opportunity  of  reading  the  Papers  by  Professor  Filon  (as  he  has  since  done), 
or  he  would  have  paid  a  tribute  to  his  remarkable  investigations  on  this  subject 
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photographs  had  been,  it  was  a  great  pity  that  the  Authors  of  the 
Paper  had  not  been  able  to  produce  on  the  screen  the  actual  colour 
effects  as  the  contact  stresses  were  produced.  The  speaker  had 
witnessed  such  experiments,  only  a  day  or  so  before,  in  the 
laboratories  of  University  College  ;  and  it  was  only  because  the 
intense  beam  of  light  required  for  a  large  lecture  hall  was  dangerous 
to  the  valuable  Nicol  prisms,  that  Professor  Coker  had  not  given 
them  the  same  pleasure  of  seeing  actual  experiments  that  night. 
For  instance,  in  the  photographs  shown,  a  metal  pressure  piece  was 
used  to  make  contact ;    whereas  in  the  actual  experiments  the 

Fig.  33. 

A  is  a  diagrammatic  Fig.  of  the  coloured  photograph,  Fig.  8,  Fl.  16. 
B  „  ,,  „  ,,     which  shows  what  is  really  also  happening   to   the 

Pressure  Piece. 

Thickness  of  material  |  inch.     Specimen  1  inch  square. 

Pressure  applied  over  J  inch  width.     Load  55  lb.  approx. 


speaker  had  witnessed,  a  celluloid  pressure  piece  was  used,  and 
Fig.  33  showed  that,  at  the  corners  of  the  solid  piece,  curves  started 
similar  to  those  produced  in  the  contact  surface.  This  visibly 
brought  home  the  evil  effect  of  sharp  corners,  and  that  it  was  not 
only  at  the  surface  of  contact  but  in  the  pressure  piece  itself  that 
intense  stresses  were  produced.  He  would  have  referred  to  other 
points  of  great  interest  which  became  evident  by  witnessing  the 
actual  formation  of  stress  colour  figures,  for  like  his  own  method  of 
stream-line  colour  bands,  the  changes  taking  place  revealed  many 
new  facts  to  the  observer. 

As  in  various  times  his  stream-line  method  had  been  suggested, 
and  even  used  with  the  idea  of   giving  stress  diagrams  in  riveted 
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joints  in  the  structure  of  ships  and  other  cases,  he  took  this 
opportunity  of  saying  that  he,  the  speaker,  had  never  suggested 
their  use.  Though  in  some  cases  bearing  a  certain  similarity  to  the 
actual  lines  of  stress  as  revealed  by  polarized  light,  the  stream-line 
method  could  not  really  be  applied  to  this  purpose,  any  more  than 
the  colour  bands  of  polarized  light  could  be  applied,  as  the  stream- 
line method  could  be,  for  the  flow  of  liquid,  or  for  electric  or 
magnetic  problems.  He  believed  that  the  method  that  the  Authors 
had  brought  before  them  was  the  only  method  that  had  ever  yet 
been  suggested  for  investigating  the  hitherto  obscure  and  unknown 
problems  of  contact  stresses. 

Professor  L.  N,  G.  Filon  (University  College,  London)  [said 
it  was  not  often  that  a  mere  mathematician  like  himself  had  the 
work  of  his  callow  youth  disinterred  out  of  the  dust  of  oblivion 
by  a  real  live  engineer,  and  moreover  had  it  tested,  and  he  was 
very  proud  to  say,  verified,  ^\^tll  the  great  conscientiousness  that 
characterized  all  the  Author's  work,  and  which  had  been  exemplified 
in  tlie  remarkable  Paper  that  had  been  read.  So  far  as  the  verification 
of  the  theoretical  results  was  concerned,  he  thought  the  agreement 
was  very  striking.  He  desired  to  refer  to  some  of  the  results  of 
pages  420-1,  to  which  Professor  Coker  had  alluded  very  briefly  that 
evening,  namely,  the  comparison  between  the  calculated  and  the 
observed  values  of  the  stresses  in  a  beam  immediately  underneath 
a  point  of  concentrated  load.  There  were  some  discrepancies  between 
theory  and  experiment  in  that  instance,  but  what  struck  him  most 
particularly  was  the  curious  divergence  between  the  law  of  stress 
according  to  the  particular  form  in  which  the  load  was  applied. 
If  a  60  deg.  knife-edge  were  used,  for  example,  a  series  of  stresses 
all  smaller  than  the  calculated  value  were  obtained,  and  they  got 
proportionately  smaller  as  one  moved  away  from  the  load.  Again, 
if  a  flat  ]junch  wore  used  discrepancies  were  obtained,  but  if  the 
punch  had  a  width  of  about  J  inch,  apparently  the  agreement  for 
moderate  depths  was  very  much  better.  Again,  if  a  round  pin  were 
used,  the  discrepancies  varied  considerably  with  the  diameter  of 
the  pin.    For  a  diameter  of  |  inch  there  was  again  a  most  remarkable 
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agreement,  which  in  that  instance  continued  all  the  way  down,  with 
the  results  of  theory.  He  had  been  somewhat  exercised  in  his  mind 
about  those  divergencies.  Of  course,  it  was  possible  to  see  how, 
even  according  to  theory,  the  shape  of  the  punch  might  affect  the 
law  of  stress ;  but  he  would  not  have  expected  changes  of  the  order 
shown,  especially  at  a  distance  from  the  jpoint  of  application  of 
the  load. 

In  that  connexion  he  would  like  to  call  attention  to  certain 
possibilities  that  jnight  have  to  be  considered  in  regard  to  celluloid. 
It  so  happened  that  he  had  recently  been  carrying  out  some 
experiments  on  the  physics  of  stress  in  celluloid,  both  in  regard  to 
its  optical  effect  and  to  the  extension  of  celluloid  under  tension. 
It  appeared  that  that  material,  even  under  loads  which  were 
apparently  well  within  the  elastic  limit,  showed  a  considerable  creep 
after  several  hours.  It  went  on  creeping  for  days  and  even  for 
weeks.  For  a  load  corresponding  to  the  order  of  extinction  in 
some  of  the  slides  shown  that  evening  as  much  as  17  per  cent  of 
optical  creep  could  be  obtained  inside  one  hour,  that  is,  the  optical 
retardation,  bymeans  of  which  the  stress  difference  ]}-q  was  measured, 
might  vary  as  much  as  17  per  cent  of  the  whole.  Further,  the 
photo-elastic  properties  of  the  material  appeared  to  be  very 
profoundly  influenced  by  previous  treatment,  especially  if  the  loads 
had  been  considerable.  If  the  specimen,  after  being  unloaded,  was 
allowed  to  rest  for  a  couple  of  hours  and  then  loaded  again,  it  was 
found  that  the  stress  optical  coefficient,  as  it  was  called,  had  varied 
to  a  certain  extent,  and  that  the  ojitical  effect  had  proportionately 
increased.  For  a  moderately  heavy  load  that  change  might  amount 
to  something  like  4  or  5  per  cent  of  the  whole  for  an  interval  of 
measurement  of  about  90  minutes,  that  is,  i  one  took  1^  hour  over 
the  measurement,  the  effect  might  come  in  between  two  successive 
sets  ;  but  for  smaller  loads  it  was  much  less.  He  would  like  to  ask 
the  Authors  whether  they  thought  that  might  possibly  account  for 
some  of  the  minor  discrepancies. 

He  was  very  pleased  that  the  Authors  had  taken  u|)  tlie  method 
of  tlie  isoelinic  lines.  Mucli  of  Professor  Cokers  past  work  had  been 
done  by  using  the  colour  bands  called  isochromatic  lines,  which 
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corresponded  to  relative  retardations  of  1,  2,  3  or  4  wave-lengths, 
and  they  required  very  considerable  loads  for  their  production, 
whereas  the  isoclinic  lines,  that  is,  the  loci  of  the  points  where  the 
axes  of  principal  stress  had  all  the  same  orientation — those  loci 
which  were  shown  by  black  brushes  or  bands  in  the  field — could 
be  produced  with  extremely  small  loads,  and  therefore  the  element 
of  uncertainty  to  which  he  had  just  been  referring  was  absent.  He 
held  in  his  hand  a  copy  of  the  Philosophical  Magazine  for  1912,  in 
which  some  of  those  isoclinic  lines  were  shown  on  some  plates  :  and 
he  remembered  using  the  method  about  twenty  years  ago  at 
Cambridge,  in  order  to  investigate  that  very  problem  of  the  stress 
in  a  rectangular  bar  of  glass  under  a  point  of  concentrated  load. 

With  regard  to  the  combination  of  the  ordinary  flexure  stress 
with  the  local  stress,  which  had  been  referred  to  by  Dr.  Hele-Shaw, 
he  might  say  incidentally  that  glass  was  a  very  troublesome  material 
with  which  to  investigate  the  stresses  in  complicated  engineering 
structures,  and  he  thought  one  of  the  very  great  merits  of  Professor 
Coker's  process,  and  one  which  really  amounted  to  a  great  discovery, 
was  the  use  of  celluloid.  He  did  not  know  of  the  photo-elastic 
properties  of  celluloid  at  the  time,  so  he  used  glass.  A  rectangular 
bar  of  glass  rested  on  knife-edges  ;  there  was  a  central  load  and  there 
were  wooden  projections  which  enabled  him  to  apply  a  reverse 
bending  moment  in  the  part  of  the  bar  between  the  supporting 
knife-edges.  By  varying  the  reverse  bending  moment,  he  could 
vary  the  ordinary  flexure  stresses  and  adjust  them  so  as  to  cancel 
local  stresses  at  a  given  point,  thus  obtaining  a  null  result.  The 
method  gave  results  which  confirmed  the  theory  to  a  certain  extent 
(there  were  certain  discrepancies),  but  there  was  no  doubt  about  it 
that,  in  view  of  the  methods  that  the  Authors  were  now  bringing  to 
bear  on  such  problems,  his  own  early  experimental  attempts  were 
very  inferior,  and  probably  the  discrepancies  between  theory  and 
observation  that  they  seemed  to  show  might  have  been  due  to  that 
cause.  He  had  been  very  much  struck  by  the  examples  and  slides 
shown  by  Professor  Coker,  the  excellence  of  which  he  felt  sure  must 
have  been  noticed  by  everyone  present.  The  reproduction  of  the 
actual  colours  was  so  accurate  that,  when  the  early  slides  were  being 
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shown,  he  really  thought  that  the  actual  specimens  under  stress  were 
being  introduced  into  the  lantern. 

Mr.  C.  E.  Stromeyer,  C.B.E.,  said  the  Authors  had  done 
excellent  spade  work,  which  would  throw  a  great  amount  of  light  on 
many  problems  with  which  engineers  had  to  deal.  The  work  was 
so  complete  that  he  could  not  ofEer  any  criticisms  ;  and  he  would, 
therefore,  confine  himself  to  a  few  suggestions.  The  first  was  with 
regard  to  Fig,  4  (page  371).  The  stress  diagrams  reminded  him  very 
much  of  the  pressures  which  occurred  in  a  bearing,  and  it  seemed  to 
him  that  this  experiment  could  be  brought  nearer  to  mathematical 
conditions  if,  instead  of  a  rectangular  sheet  resting  on  a  flat  surface, 
a  celluloid  half-disk  were  cemented  into  a  nearly  rigid  bearing,  and 
if  instead  of  a  point  contact,  the  top  of  the  disk  were  hollowed  out 
as  far,  perhaps,  as  the  first  stress  ring,  and  a  cylindrical  metal  plug 
cemented  into  the  hollow.  It  would  then  be  possible  to  a  certain 
extent  to  comply  with  the  mathematical  boundary  conditions  both 
for  the  centre  and  for  the  outside. 

He  thought  that  in  spite  of  what  had  been  said  against  stream- 
lines, they  might  be  made  very  useful  if,  instead  of  resolving 
movements,  as  was  done  by  Rankine,  stresses  were  resolved.  That, 
of  course,  implied  that  double  the  angles  should  be  used  instead  of 
single  ones.  A  far  more  important  suggestion  than  either  the  above 
was  that  very  considerable  light  would  be  thrown  on  many 
engineering  problems  if  the  Authors  would  deal  with  the  problem  of 
stresses  in  a  curved  beam,  of  which  that  of  a  thick  walled  cylinder 
was  a  unique  case.  • 

Professor  L.  Luiggi,  D.Sc,  said  he  desired  on  behalf  of 
Italian  engineers  to  express  gratitude  to  the  Authors  for  the 
work  they  had  done.  In  some  countries,  not  England  or  Italy, 
engineers  were  being  taught  in  these  latter  years  almost 
entirely  from  a  mathematical  science  point  of  view,  it  being 
forgotten  that  engineering  was  also,  and  principally,  a  physical 
science.  He  was  glad  that  the  Authors,  by  taking  up  the  physical 
part  of  research,  had  brought  engineering  again  into  its  proper 

2  G 
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channel.  An  engineer  ought  to  do  by  experiment  everything  that 
he  possibly  could,  in  order  to  ascertain  the  structure  of  materials 
and  the  best  way  of  using  them,  and  he  ought  not  to  use  the  reasoning 
of  his  brain  until  all  those  experiments  had  been  exhausted.  If, 
on  the  other  hand,  an  attempt  were  made  to  reason  before  all 
the  experiments  had  been  exhausted,  assumptions  might  be  made^ 
that  were  considerably  away  from  the  truth,  and  this  had 
happened  many  times.  For  that  reason  the  Authors'  experiments, 
as  well  as  those  by  Professor  Mesnager,  in  Paris,  had  been 
followed  with  the  greatest  interest  by  Italian  engineers.  Not  only 
engineers,  but  also  men  of  scientifio  attainments,  such  as  Professor 
Corbino  and  others,  had  followed  the  experiments  with  tlie  greatest 
interest. 

The  Authors  showed  in  a  jiractical  way  how  engineering  ought 
to  be  studied  and  taught,  namely,  that  a  proper  proportion  of 
physical  research  work  shoidd  be  undertaken  first,  to  be  followed  by 
not  an  excessive  amount  of  mathematical  reasoning.  Mathematics 
had  to  be  used  when  nothi)\g  else  was  available.  High  mathematics 
were  like  a  microscope,  which  was  to  be  used  to  see  things  which 
could  not  be  seen  with  the  naked  eye  ;  but  if  a  thing  could  be  seen 
with  the  naked  eye,  this  should  always  be  used,  and  Professor 
Coker's  experiments  tended  to  that  aim.  That  was  also  what 
Leonardo  da  Vinci  taught.  With  reference  to  water,  he  said  : 
"  When  you  have  to  deal  with  water,  first  do  all  the  experiments, 
then  see  what  the  facts  can  teach  you,  and  leave  the  reasoning  to 
the  last."  That  remark  could  be  applied  by  all  students  of 
engineering.  Galileo,  who  was  the  first  to  experiment  on  the 
resistance  of  materials,  also  recommended  students  to  experiment 
first  and  to  reason  about  them  afterwards.  He  was  well  aware  of 
the  fact  that  that  was  contrary  to  the  teaching  of  the  ancient  school 
of  the  Greeks,  who  were  great  philosophers  and  not  experimenters. 
The  engineers  of  some  countries,  fortunately  not  England  or  Italy, 
were,  he  was  afraid,  going  astray  and  following  the  Grecian  school. 
He  assured  the  members  of  the  Institution  that  he  felt  that  at  the 
Meetings  of  the  Institution  of  Mechanical  Engineers  he  was  really 
in  an  atmosphere  of  proper  physical  research. 
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Professor  K.  G.  Coker,  in  reply,  said  it  was  extremely  gratifying 
to  his  colleagues  and  himself  that  the  Paper  had  been  so  favourably 
received,  and  he  desired,  on  behalf  of  the  Authors,  including  INIr. 
Ahmed,  who  was  unable  to  be  present,  to  thank  the  members  for 
the  interest  they  had  shown.  Dr.  Hele-Shaw  covered  such  a  wide 
field  in  his  remarks  that  he  was  afraid  time  would  not  allow  him  to 
make  an  adequate  reply,  but  in  the  few  minutes  which  had  been 
l>laced  at  his  disposal  he  would  attempt  to  reply  to  one  of  the  very 
interesting  matters  which  had  been  raised.  The  point  in  connexion 
\vith  the  beam,  where  both  bending  moment  and  contact  pressure 
were  obtained,  was  a  most  interesting  one.  He  believed  that 
Professor  Filon  had  attacked  this  problem  mathematically,  and  the 
speaker  had  himself  examined  it  experimentally  {Enrjineering, 
]9th  January  1921),  although  somewhat  superficially.  He  could 
not  say  very  much  about  it,  therefore,  as  so  little  work  had  been 
accomplished  on  this  complicated  problem. 

He  had  been  extremely  interested  in  Professor  Filou's  remarks. 

As  many  of  the  Members  knew.  Professor  Filon  had  devoted  many 

years  to  the  study  of  the  mathematical  side  of  elasticity  and  to 

investigations  of  the   physical  laws   of   photo-elasticity.     In  the 

discussion  he  had  drawn  attention  to  the  results  which  were  obtained 

with  regard  to  the  contact  pressures  shown  by  Fig.  24  (page  420). 

The  Authors  also  regarded  these  discrepancies  between  experiment 

and  theory  with  some  concern,  especially  as  this  seemed  at  first 

sight  an  ideal  case  for  comparison  purposes.     There  was,  however, 

much  better  agreement  for  the  cases  of  flat  plates  of  small  area  and 

small  cylindrical  rollers  applied  at  the  sides  than  for  the  case  of  the 

knife-edge.     The  explanation  of  this  was  possibly  due  to  the  fact 

that  a  knife-edge  in  these  experiments  did  not  behave  as  an  isolated 

load,  as  assumed  in  the  calculations  described  with  reference  to 

Figs.  22  and  23.     It  pressed  into  the  material  like  a  wedge  as  the 

colour  photograph,  Fig.  25,  Plate  17,  showed,  and  under   these 

circumstances  the  transverse  stress  q  was  not  that  of  the  formal* 

anywhere,  nor,  for  that  matter,  was  the  stress  f.     He  was  very  glad 

to  hear  what  so  high  an  authority  as  Professor  Filon  had  said  about 

the  physics  of  celluloid. 
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He  would  like  to  say  as  regards  this  Paper  that  the  Authors 
were  well  aware  that  celluloid  was  not  a  perfect  material  (no  material 
was  perfect)  ;  but  although  not  an  ideal  material  to  work  with 
from  the  point  of  view  of  its  elastic  properties,  it  happened  to  be 
exceedingly  convenient  to  use.  Glass  could  not  be  freely  used 
for  engineering  purposes,  because  it  was  impossible  to  make  the 
models  required.  He  desired  to  point  out  that  nitro-cellulose,  like 
most  other  materials,  varied  greatly  in  quality,  and  at  the 
commencement  of  this  work  especial  care  was  taken  to  select  the 
most  perfect  pieces  as  regards  optical  quality  from  pre-war  stocks 
at  the  factory.  As  the  war  progressed,  makers  found  it  more  and 
more  difficult  to  obtain  their  proper  basic  materials,  and  even  now 
that  difficulty  had  not  been  entirely  overcome,  and  the  optical 
quality  of  post-war  material  was  only  slowly  approaching  that  of 
pre-war  material.  This  made  little  difference  to  its  commercial 
nse,  but  as  the  material  on  which  Professor  Filon  was  working  was 
all  of  post-war  manufacture,  he  would,  as  time  went  on,  probably 
find  that  the  imperfections  of  this  later  material,  to  which  he  called 
attention,  were  less  and  less  apparent.  The  speaker  also  desired 
to  say  that  when  he  was  making  observations,  all  the  colour  effects 
which  had  been  seen  that  evening,  were  compared  with  those  of 
another  standard  member,  which  was  stressed  to  the  same  extent. 
The  model  and  the  calibration  member  were  stressed  at  the  same 
time  and  continued  to  be  so  stressed  from  the  nature  of  the 
experimental  method  adopted,  so  that  if  the  discrepancy  due  to  the 
effect  of  continued  loading  was  present,  it  was  going  on  at  the  same 
time  in  both  bodies,  and  was  therefore  practically  eliminated  by 
his  arrangements.  He  was  perfectly  familiar  with  the  fact  that 
creep  could  occur,  and  it  must  be  recognized  by  those  who  desired 
to  undertake  such  work.  He  thought  the  remarks  he  had  made 
helped  to  show  how  the  difficulty  could  be  met. 

With  reference  to  Professor  Filon's  remarks  on  the  subject  of 
isoclinic  lines,  he  had  always  used  them  to  the  fullest  extent  he 
could,  as  even  his  earliest  Papers  showed,  but  Professor  Filon  and 
he  approached  the  subject  from  rather  different  angles,  the  one  as 
a  mathematician  and  physicist  and  the  other  as  an  engineer.     The 
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mathematician  could  choose  his  own  problem,  and  he  usually 
selected  one  which  was  mathematically  solvable  and  for  which 
therefore  isoclinic  lines  could  be  calculated  and  tested  by  experiment, 
but  the  engineer  could  not  so  choose,  because  he  was  obliged  to  deal 
with  existing  problems  which  were  generally  beyond  any  form  of 
mathematical  reasoning  available.  The  engineer  investigator  was, 
in  fact,  bound  to  take  the  machine  or  structure  as  it  existed  or  had  to 
be  built,  and  try  and  find  out  what  the  stresses  were.  He  was  very 
glad  to  note  that  the  maker  of  the  colour  photographs  was  present, 
to  whom  Professor  Filon  had  paid  such  a  high  tribute,  and  he  was 
sure  that  Mr.  Xorris  appreciated  it. 

With  regard  to  Mr.  Stromeyer's  remarks,  he  was  afraid  the 
suggested  cure  for  preventing  indentation  was  not  very  useful. 
As  the  Paper  showed,  there  was  some  difficulty  in  measuring  the 
distribution  of  pressure  between  two  flat  surfaces  pressed  together, 
and  if  two  semi-circular  surfaces  of  discontinuity  were  introduced, 
it  would  become  necessary  to  make  an  elaborate  investigation  of 
the  distributions  across  the  surfaces  of  separation,  while  the  problem 
became  less  interesting  from  a  practical  point  of  \aew  owing  to  the 
cuts  in  the  material. 

He  could  not  agree  with  the  remarks  Mr.  Stromeyer  had  made 
with  regard  to  the  use  of  stream-lines,  as  that  method  was  not 
applicable,  except  in  very  special  cases.     The  fundamental  equation 
of  plane  stress  was  V*  •  x  =  ^  ^^^  ^^  *^^^  equation  could  be  solved 
generally,  every  kind  of  stress  distribution  in  a  plane  was  ipso  f ado 
solved.     But  this  stage  had  not  yet  been  reached.     The  fundamental 
equation    in  plane  hydrodynamics  was,  how-ever,  V^  •  X  =  ^»  ^^^^ 
there  were  apparently  some    cases  in  w'hich   these  two  equations 
became  identical.     These  coincidences  had  proved  very  misleading, 
and  many  wTiters,  both  here    and    abroad,    had    assumed    quite 
inaccurately  that  lines  of  stress  and  steam-lines  were  identical.     It 
was  impossible  for  stream-lines  to  give  the  information   required 
for  stress  problems,  because  they  were  essentially  different,  as  the 
fundamental  differential  equations  showed,  one  being  of  a  higher 
order  than  the  other. 

With  regard  to  Mr.  Stromeyer's  further  remarks,  he  desired  tp 
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reiterate  what  he  said  in  his  openiug  reniarks  before  reading  the 
Paper,  that  an  attempt  was  made  here  to  deal  with  flat  bodies 
pressed  against  flat  bodies  only.  He  might,  however,  say  that  the 
Authors  had  done  a  great  deal  of  work  on  bodies  of  circular  form, 
l)ut  he  could  not  discuss  this  on  the  present  occasion,  beyond 
mentioning  that  several  cases  had  been  woriv(>d  out,  including  some 
problems  on  rings  and  rollers. 

The  Authors  were  greatly  obliged  to  Professor  Luiggi  for  his 
interesting  remarks  and  especially  for  the  point  of  view  he  took  a.s 
to  the  way  engineering  investigation  ought  to  be  conducted  They 
appreciated  these  remarks  very  much,  especially  from  so  high  an 
authority  on  engineering  as  the  President  of  The  Italian  Institution 
of  Civil  Engineers. 


Discussion   i)i   Manrhcsfer,  on   Thursflnij,  21  .s7   Afril  \^2\ . 

The  Chairman  (iMr.  Chari.es  Day,  Member  of  Council)  said  he 
wished  on  behalf  of  the  members  to  thank  the  Author  for  his  most 
valuable  Paper  and  for  giving  them  a  most  interesting  Lecture. 
To  see  the  actual  effects  of  stress  illustrated  by  colour  photography 
appealed  to  him,  as  opening  up  an  entirely  new  line  of  investigatioji 
of  stress  problems,  and  he  felt  that  Professor  Coker  had  put  before 
them  ideas  which,  before  many  years  had  passed,  would  yield  very 
important  results. 

Profes.sor  A.  H.  Gibson,  D.Sc,  said  he  would  like  to  express 
his  deep  appreciation  not  only  of  the  Paper  but  also  of  the  long 
series  of  research  upon  this  subject  which  Professor  Coker  had 
carried  out  during  the  last  thirteen  or  fourteen  years.  They  all 
knew  that,  within  certain  well-defined  bounds  and  under  certain 
well-defined  conditions,  many  problems  of  stress  could  be  worked 
out  mathematically,  sufficiently  closely,  at  all  events,  for  engineering 
])urposes.     A  point  was  reached,  however,  at  which  the  stresscfl 


March    1P.?1.  CON'TACT    PRKSSTjRES    ANT)    STRESSES.  447 

became  so  complex — especially  if  the  structure  or  member  was 
itself  of  complex  form,  or  if  the  application  of  the  stress  was  anything 
but  simple — at  which  the  distribution  of  stress  passed  the  bounds  of 
mathematical  analysis.  Under  those  conditions,  the  method  outlined 
and  developed  b}'  Professor  Coker  was  practically  the  only  one  which 
gave  any  means  of  getting  even  approximate  values.  Errors  of  a 
few  per  cent  might  occur — it  was  difficult  to  get  really  accurate 
determinations  of  stress  from  this  colour  method,  but  when  it  was 
compared  with  the  errors  which  might  creep  into  a  mathematical 
calculation,  it  was  very  evident  that,  even  from  that  point  of  view, 
this  method  had  very  much  to  recommend  it. 

They  had  seen  from  the  Paper  and  from  the  photographs  shown 
that  the  application  of  a  lateral  load  to  a  tension  specimen  increased 
the  stress  very  considerably.  Professor  Coker  had  instanced  the 
application  of  an  extensometer  by  means  of  two  contact  points  to 
a  specimen.  He  had  also  instanced  another  case — rather  a  peculiar 
one — in  which  the  addition  of  a  small  collar  to  a  specimen  increasing 
its  diameter  actually  caused  the  stress  in  the  specimen  to  increase 
by  something  like  30  per  cent.  They  all  knew  that  if  the  specimen 
were  tested  to  destruction  in  a  testing-machiue,  it  would  not  break 
at  that  place.  He  had  brought  to  the  Meeting  two  specimens  which 
bore  upon  that  point  rather  well.  One  was  a  specimen  of  round  iron 
and  the  other  was  of  rectangular  section.  Both  were  tested  in  the 
rough  in  a  testing- machine  between  ordinary  tooth-grips.  They 
would  notice  the  depressions  which  the  grips  themselves  had  made 
in  those  specimens.  That  occurred  in  every  case  with  such  a  specimen 
under  test,  but  in  spite  of  it,  out  of  100  specimens  tested  not 
more  than  two  or  three  broke  in  the  grips  ;  they  always  broke 
between  the  grips  where  the  stress  was  more  or  less  uniform.  It 
would  also  be  observed  that,  in  the  round  specimen  for  rough 
purposes  of  measurement,  centre  punch-marks  were  placer]  at 
intervals  of  an  inch  alone;  its  length.  That  dav  he  had  examined 
about  20  specimens,  all  of  which  had  been  marked  in  the  same 
place  and  none  of  them  had  broken  at  a  centre  pimch-mark.  The 
point  he  wanted  to  make  was  that  with  a  ductile  material— such  as 
most   onginporing  materials  wptp — fpst^d  und^r  static  load,  th^se 
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secondary  stresses  did  not  seem  seriously  to  affect  the  ultimate 
strength  of  the  structure.  But  it  should  be  emphasized  that  it  was 
not  at  all  the  case  under  different  conditions.  Take  a  material — 
say  one  of  the  specimens  of  Professor  Coker — and  subject  it  to  a 
very  rapidly  applied  load,  especially  a  rapidly  alternating  load.  Then 
the  results  became  very  different,  more  especially  if  the  material 
was  one  of  the  modern  high-tensile  steels  with  a  very  high  elasticity. 
Some  time  ago  a  large  number  of  tests  were  made  at  the 
Manchester  University  on  specimens  of  the  same  general  type  as 
those  shown  by  Professor  Coker.  They  were  short,  about  l^  in. 
between  the  shoulders.  The  shoulders  were  well-rounded  and  the 
diameter  of  the  specimens  was  about  a  quarter  of  an  inch.  Loads 
were  rapidly  applied,  about  2,000  alternations  a  minute.  In  a  large 
number  of  cases  rupture  took  place,  not  in  the  parallel  portion  of 
the  specimen,  but  at  the  shoulder  where  Professor  Coker's  diagrams 
had  shown  the  maximum  stress  would  occur.  He  had  often  wondered 
why  they  should  break  there,  and  he  thought  possibly  there  had 
been  a  small  flaw  in  the  material,  but  the  true  reason  was  made 
clear  by  Professor  Coker's  research.  He  thought  it  was  in  such  cases 
— rapidly  applied  loads  on  materials  not  very  ductile,  and  of  very 
high  tensile  properties — that  the  results  shown  in  the  Paper  could 
be  more  particularly  applied. 

Professor  G.  Gerald  Stoney,  F.R.S.,  said  that  Professor  Coker's 
Paper  was  of  the  greatest  importance  to  engineers,  and  explained 
many  fractures  that  otherwise  would  be  difficult  to  understand. 
Professor  Coker  had  shown  that  in  a  riveted  member,  such 
as  in  a  bridge,  the  stress  at  the  edge  of  a  rivet-hole  was  about 
three  times  the  mean  stress  due  to  secondary  stresses.  Fortunately, 
by  having  a  ductile  material,  which  was  absolutely  necessary,  such 
stresses  would  relieve  themselves  automatically  by  the  material 
stretching.  In  the  case  of  alternating  stressses,  however,  as 
Professor  Gibson  had  pointed  out,  such  relief  did  not  take  place 
and  they  got  fracture.  Similar  stresses  occurred  where  there  was 
a  change  of  diameter  in  a  shaft,  and  he  believed  engineers  were  not 
sufficiently  alive  to  the  importance  of  having  a  very  large  radius 
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when  there  was  a  change  in  section.  He  was  not  sufficiently  familiar 
with  the  work  to  know  whether  the  investigation  could  be  carried 
out  as  to  what  radius  was  advisable,  but  if  it  w^ere,  it  would  be  of 
very  great  value  to  engineers. 

Another  thing  which  the  Paper  showed  was  the  importance  of 
having  a  smooth  surface  with  no  surface  irregularities.  It  was  well 
known  that  tensile  test-pieces  in  many  materials  were  liable  to  break 
at  the  punch-marks  put  on  them  to  record  the  elongation.  That 
w-as  especially  the  case  with  some  of  the  high  tensile  manganese 
bronzes,  and  other  high  tensile  bronzes.  In  ordinary  high-grade 
steel  the  state  of  the  surface  made  a  very  considerable  difierence  in 
the  tensile  test  results.  In  a  large  number  of  test-pieces  taken  off 
the  same  forging  of  a  high  tensile  steel,  it  was  found  that  it  made  a 
very  marked  difference  whether  the  test-piece  was  ground  or  only 
turned  with  the  usual  finish.  Grinding  was  found  to  increase  the 
tensile  strength  by  about  1  per  cent  and  the  elongation  by  no  less 
than  7  per  cent,  while  at  the  same  time  the  variation  in  the  results 
obtained  from  individual  test-pieces  was  largely  reduced.  In  the 
case  of  the  turned  test-pieces,  there  was  a  variation  in  tensile  strength 
between  the  highest  and  the  lowest  of  the  batch — there  were  twelve 
or  fourteen  in  the  batch — of  4" 3  per  cent,  while  in  the  case  of  those 
that  were  ground  it  was  reduced  to  3 "  7  per  cent  at  the  extreme  limits. 
In  the  case  of  the  elongation  the  efiect  was  even  more  marked,  as  the 
maximum  difference  for  the  turned  test-pieces  was  14  per  cent  and 
for  the  ground  ones  only  8  per  cent.  It  was  not,  perhaps,  so  much 
the  case  with  mild  steel,  but  certainly  with  high  carbon  steels, 
nickel  chrome  and  so  forth,  it  was  most  important  to  grind  the 
test-pieces.  A  good  finish  was  most  important  in  all  material  which 
was  exposed  to  high  stress,  especially  alternating  stress,  and  there 
was  a  real  reason  for  polishing  and  finishing  well  such  parts  as  the 
connecting-rods  of  aeroplane  engines.  By  that  they  probably 
increased  the  strength  very  much.  He  had  seen  an  engine  made 
by  Sulzer  in  which  every  part  was  most  beautifully  finished.  It 
seemed  a  waste  of  money,  but  Professor  Coker's  results  seemed  to 
show  it  was  a  real  benefit.  Of  course,  in  ordinary  c£(,ses  it  was  very 
doubtful  whether  high  finish  would  pay. 
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He  would  like  to  draw  attention  to  the  habit  of  inspectors  of 
making  inspection  marks  all  over  an  article.  As  a  rule  they  chose 
for  their  inspection  marks  the  place  which  was  exposed  to  highest 
stress,  and  if  it  was  analysed  he  thought  it  -would  be  found  that  a 
|)erceptible  number  of  breakdowns  of  aeroplane  engines  in  the  war 
were  due  to  such  stamping.  In  going  over  an  aeroplane,  he  was 
astounded  at  the  way  beautifully  finished  pieces  of  work  were  marred 
by  inspection  marks  stamped  here  and  there  all  over.  If  Professor 
Coker's  work  induced  inspectors  to  pay  more  attention  to  where 
they  put  their  inspection  marks,  it  would  be  of  very  great  value. 

It  would  be  of  great  interest  if  endurance  tests  could  be  made  on 
similar  specimens  taken  from  the  same  bar  and  carefully  heat-treated 
in  the  same  way — some  turned  with  an  ordinary  finish,  some  rough 
turned,  and  others  polished,  in  order  to  see  whether  mider  alternating 
stress  there  would  not  be  considerably  more  endurance  with  the 
really  well  finished  article.  Mr.  Stromeyer  had  done  a  great  deal 
of  that  kind  of  work  and  perhaps  he  had  investigated  t  his  point. 

iMr.  C  K.  8TR0MEYEK.  O.B.E.,  said  lie  had  spoken  on  the 
I'aper  in  London,  and  he  did  not  wish  to  repeat  his  remarks,  but  he 
would  reply  to  the  inquiry  which  had  been  made  about  the  subject 
of  polishing.  Tliat  subject  had  been  very  carefully  investigated  by 
.Messrs.  Eden,  Cunningham,  and  Rose.*  They  made'a  very  largo 
number  of  tests  and  polished  some  specimens.  As  far  as  he  could 
remember,  the  result  was  that  the  polished  specimens  gave  better 
resultsthan  the  others.  Some  years  ago  he  analysed  those  experiments 
carefully  and  was  struck  with  the  great  discrepancies  which  existed 
between  specimens  of  the  same  bar.  Fortunately  Avhen  he  made 
inquiry  at  The  Institution  of  Mechanical  Engineers,  they  were  able 
to  give  him  the  numbers  stamped  on  the  specimens,  and  these 
numbers  were  said  to  be  stamped  in  the  order  in  which  they  were 
cut  off  the  rolled  bar.  On  plotting  the  results  on  the  lengths  of 
the  bars,  he  found  that  there  were  "  peaks  "  in  the  test  results 
occurring  about  every  four  feet,  and  he  suggested  at  the  time  that 


^  Proceedings,  l.Mech.E.,  I'Jil,  page  87y. 
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^he  explanation  of  those  irregularities  was  that  the  rolls  m  which 
the  bars  were  rolled  were  not  quite  regular,  and  the  rolled  bars  were 
therefore  thicker  at  some  points  than  at  others.  AVhen  they  were 
finally  drawn  through  the  dies,  the  thicker  parts  would  receive  a 
heavier  pressure  than  the  other  parts  and  would  therefore  be  of 
different  quality.  This  showed  that  a  very  slight  diflference  in 
mechanical  treatments  might  affect  the  strengths  of  the  materials 
very  much. 

The  question  of  the  radius  for  a  shaft  had  been  raised.  When 
at  Lloyds'  he  condenmed  about  60  crank-shafts  in  marine  engines, 
and,  having  kept  records  including  indicator  diagrams  and  other 
details,  he  was  able,  some  years  ago,  to  present  an  analysis  to  the 
Institution  of  Naval  Architects,  in  which  the  conclusion  was  drawn 
that  the  strength  of  a  crank-shaft  under  the  working  conditions  in 
a  marine  engine  was  not  proportional  to  the  cube  of  the  diameter, 
but  to  the  cube  of  the  diameter  multiplied  by  the  square  root  of  the 
radius  of  the  fillet.  This  result  confirmed  the  general  feeling  amongst 
engineers,  that  tin-  rarlius  of  the  fillet  ought  always  to  be  as  large  as 
possible. 

The  present  subject  of  stress  distribution  was  exceedingly 
interesting,  and  all  engineers  must  be  grateful  to  Professor  Coker  for 
having  started  and  continued  his  experiments.  If,  at  some  future 
time,  local  stresses  in  structures  coiild  be  estimated,  it  would  be 
])ossible  to  reduce  the  factor  of  safety.  He  was  the  first  to  have 
coined  the  expression  that  the  factor  of  safety  was  a  measure  of 
our  ignorance,  ignorance  as  regards  the  quahty  of  the  material  and 
especially  ignorance  as  regarded  local  stresses.  To  a  large  extent, 
engineers  still  designed  parts  of  machinery  by  rather  rough  though 
very  simple  rules.  Not  knowing  the  exact  behaviour  of  materials 
nor  the  exact  local  stresses,  they  had  to  allow  a  factor  of  safety 
which  was  at  ]>resent  perhaps  not  large  enough  for  complicated 
parts  and  too  large  for  simple  parts. 

In  the  early  days  of  manganese  steel,  he  was  at  one  of  the  German 
steel  works  where  they  had  adopted  Hadfield's  process  of  making 
)uanganese  steel.  They  showed  him  large  piles  of  ingots  which  they 
had  made  in  a  small  .Siemens  fqrnace,     It  was,  he  thought,  during 
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the  Boer  War,  and  the  question  of  broken  bayonets  had  been  very 
much  discussed.  It  occurred  to  him  at  the  time  that  it  would  be 
a  very  good  thing  to  make  bayonets  of  manganese  steel.  They 
forged  a  sword  of  that  steel  and  it  was  struck  several  times  on  an 
anvil.  It  stood  the  test  very  well  ;  the  edge  of  course,  was  blunted, 
but  otherwise  there  was  no  harm  done.  But  one  of  the  managers 
began  to  fence  with  it,  and  accidentally  struck  something,  when  the 
steel  broke  off  in  his  hand.  It  showed  that  some  materials  were 
very  unreliable.  He  believed  some  of  the  discrepancies  mentioned 
in  the  Discussion  were  due  to  local  strains  which  existed  in  the 
specimens  themselves.  Of  course,  mild  steel  was  less  likely  than 
harder  steels  to  have  these  local  strains, 

Mr.  E.  G.  Herbert  said  that  one  of  the  photographs  showing 
stresses  in  a  tensile  specimen  with  enlarged  ends  reminded  him  of 
a  fact  that  had  often  struck  him  in  making  autographic  tests,  namely, 
that  fracture  usually  occurred  in  the  region  between  the  gauge- 
points  and  only  rarely  at  the  ends  outside  the  gauge-points. 
According  to  what  was  generally  believed  as  to  the  effect  of  a  change 
of  section,  one  would  expect  fracture  to  take  place  usually  near  the 
enlarged  ends,  but  this  was  quite  contrary  to  his  experience.  As 
to  plain  specimens  without  enlarged  ends,  he  was  in  complete 
agreement  with  a  previous  speaker  (Professor  Stoney).  Although 
such  specimens  were  mutilated  and  sensibly  reduced  in  section 
by  the  sharp  teeth  of  the  grips,  fracture  rarely  took  place  in  the 
mutilated  portion  which  was  subjected  to  compound  stresses,  but 
usually  in  the  uninjured  central  portion  where  the  stresses  were 
uniform. 

One  of  the  photographs,  showed  a  tongue  of  lightly  stressed 
material  extending  from  the  enlarged  end  a  long  way  down  the 
centre  of  the  central  or  reduced  portion  of  the  specimen,  and  one 
might  assume  that  a  similar  tongue  of  lightly  stressed  material 
would  appear  in  a  plain  specimen,  extending  from  the  portion  held 
in  the  grips.  Unstressed  material  would  not  ordinarily  be  regarded 
as  a  source  of  strength.  If  parts  of  a  specimen  were  not  taking  a 
due  share  of  the  lo9,d,  other  part^  mygt  bg  taking  an  Ufldvie  share- 
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Nevertheless,   the  phenomenon   exhibited  in   the   photograph,   in 
conjunction  with  the  comparative  immunity  from  fracture  which 
was  observed  in  the  regions  where  it  occurred,  seemed  to  call  for 
further  investigation,  for  which  Professor  Coker's  method  would 
be  admirably  adapted.    He  would  merely  throw  out  the  suggestion 
that  the  rather  sharp  surface  of  demarcation  between  the  stressed 
and  unstressed  regions  (a  roughly  conical  surface  in  cylindrical 
specimens)  might  be  the  natural  surface  of  cleavage  when  rupture 
took  place,  thereby  giving  rise  to  the  familiar  conical  type  of  fracture, 
and  that  this  conical  area  being  greater  than  the  cross-sectional 
area  of  the  specimen,  the  liability  to  fracture  would  be  less.    He 
invited  Professor   Coker    to    confer  a  benefit  on  the  engineering 
profession  by  proving  that  a  change  of  section  was  a  source  of 
strength. 

Dr.  Gilbert  Cook  said  he  was  not  clear  about  one  point  in  regard 
to  the  test  of  the  manganese  steel  bar  which  broke  at  the  point  of 
attachment  of  the  extensometer.  Professor  Coker  had  described 
the  stress  distribution  produced  by  the  pressure  of  the  extensometer 
pivots,  and  he  (Dr.  Cook)  understood  Professor  Coker  to  attribute  the 
fracture  at  that  point  to  the  disturbance  thus  caused.  Presumably 
the  extensometer  was  removed  before  fracture  occurred,  and  it 
would  therefore  be  only  the  residual  stresses  due  to  local  overstrain 
at  the  points  of  attachment  that  could  modify  the  stress  distribution. 
He  would  be  glad  to  know  whether  the  Author  had  measured  such 
residual  stresses. 

He  was  very  much  interested  to  hear  that  Professor  Coker  had 
applied  this  method  of  stress  determination  to  cases  in  which  the 
surfaces  were  not  plane.  He  referred  to  this  because  he  was  at  present 
interested  in  a  problem  which,  although  it  had  no  direct  connexion 
with  contact  stresses,  the  description  of  Professor  Dalby's  test- 
piece  afiorded  some  excuse  for  doing  so.  If  this  bar,  instead  of  being 
solid,  were  hollow,  that  is,  if  it  represented  a  pipe  with  comparatively 
thin  walls,  and  the  collar  represented  a  flange,  or  one  of  a  series  of 
rings  which  were  now  occassionally  used  to  strengthen  high-pressure 
hydraulic  pipe-lines-what  was  the  effect  of  that  ring  or  flange 
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when  internal  pressure  was  applied  ?  Mathematical  analysis 
appeared  to  show  that,  so  far  from  streogtheniug  the  pipe,  the  rings 
might  in  certain  cases  actually  weaken  it ;  that  is  to  say,  the  stresses 
in  the  pipe  might  be  increased  instead  of  reduced.  He  would,  however, 
hesitate  to  accept  such  a  conclusion  in  the  absence  of  experimental 
confirmation.  This  was  a  case  in  which  a  flat  plate,  however  adequate 
for  the  determination  of  the  stresses  in  Professor  Dalby's  test-piece, 
could  not  in  any  sense  represent  the  conditions.  He  would  be  glad 
to  know  whether  Professor  Coker  had  investigated  the  stresses  in 
tubes  and  pipes  by  the  optical  method.  If  it  could  be  developed 
to  do  so,  considerable  light  would  be  thrown  not  only  on  that 
problem,  but  on  the  analogous  and  much  more  important  problem 
of  the  stresses  in  a  boiler-shell  near  the  end-plates. 

Mr.  Harry  Richardson  said  he  could  understand  the  various 
ciilours  of  the  spectroscope  at  the  point  of  contact  of  the  teeth  due 
to  the  pressure  exerted,  but  would  like  an  explanation  of  the 
colours  near  the  root  of  one  of  the  teeth  of  the  gear-wheels. 

Mr.  Herbert  Carrington  remarked  that  he  would  like  to  add 
a  few  words  further  to  what  had  been  said  about  the  tensile  test 
illustrated  on  page  409.  The  load  extension  curve  continued  to  rise 
right  up  to  the  point  of  fracture,  whereas  for  ordinary  mild  steel 
and  wrought  iron  the  curves  fell  near  the  end,  the  fall  corresponding 
with  local  drawing  out  of  the  bar  in  the  vicinity  of  the  fracture. 
It  would  appear  that  the  material  tested  by  Professor  Coker  was 
somewhat  exceptional,  and  that  it  fractured  like  a  brittle  material 
although  the  elongation  was  considerable. 

From  a  consideration  of  the  dimensions  of  the  fractured  bar, 
there  was  a  slight  drawing  out,  but  an  examination  of  the  curve 
strongly  suggested  that  this  was  not  purely  local,  but  extended 
some  distance  on  either  side  of  the  fracture.  He  would  like  to  ask 
Professor  Coker  whether  he  thought  that  centre  dots  and  scratches 
tended  to  determine  the  place  of  fracture  only  in  the  case  of  brittle 
material  or  material  which  broke  like  a  brittle  material,  that  is, 
with  little  or  no  local  drawing  out,  and   that  the  tendency  was 
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negligible  in  cases  where  the  local  drawing  out  was  considerable, 
as,  for  instance,  for  ordinary  mild  steel. 

Mr.  Leonard  F.  Masse y  said  that  he  had  been  much  struck 
by  the  distribution  of  stress  shown  when  the  material  was  subjected 
to  an  evenly  distributed  load,  the  greatest  intensity  of  stress  in  sucli 
a  case  being  at  the  extreme  ends  of  the  loaded  surface.  His  interest 
lay  in  the  fact  that  a  very  similar  phenomenon  was  already  familiar 
to  him  in  hot  forging  of  steel.  When  striking  a  steel  bar  with  a  narrow 
pallet  in  a  steam-hammer,  lines  exactly  similar  to  those  shown  in 
the  figure  could,  under  favourable  circumstances,  be  distinguished 
by  an  intenser  redness  in  the  material.  If  a  cold  bar  were  struck 
hard  and  continuously  by  such  a  pallet,  the  phenomenon  could 
sometimes  be  seen  by  the  bar  heating  to  redness  down  the  lines  in 
question.  These  lines  marked  an  inverted  isosceles  triangle  whose 
base  was  the  line  of  the  pallet,  the  otlier  two  sides  being  the  red 
lines  in  question. 

It  would  seeni  therefore  that  the  phenomena  revealed  by 
Professor  Coker's  experiments  on  solid  materials  had  a  very  close 
parallel  when  dealing  with  a  plastic  material,  and  the  speaker 
had  been  very  much  pleased  to,  see  something  of  a  theoretical 
demonstration  of  that  with  which  he  had  already  been  familiar 
by  closely  watching  the  process  of  hot  forging. 

Professor  Coker,  in  reply,  said  that  many  of  the  matters  raised 
in  the  discussion  were  not  only  interesting  but  also  difficult  to  answer. 
He  was  afraid  he  had  not  made  it  clear  during  the  evening  that  all 
the  natural  colour  photographs  of  the  material  which  were  shown 
on  the  screen  were  of  stress  distributions  within  the  yield-point, 
except  where  an  obviously  black  patch  occurred  due  to  the  crushing 
of  the  material  locally.  It  was  important  to  emphasize  that  in  a 
ductile  material  like  mild  steel  or  nitro-cellulose  the  distributions 
changed  in  the  plastic  region  and  the  stresses  tended  to  equalize. 
In  a  brittle  material,  on  the  other  hand,  such  as  cast-iron,  the 
distributions  shown  probably  persisted  up  to  fracture,  and  results 
were  obtained  which  corresponded  closely  to  those  which  one  would 
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expect  from  photo-elastic  observations  taken  within  the  elastic 
limit. 

He  was  very  interested  to  hear  what  had  been  said  about 
alternating  stresses.  Apparently  alternating  stress  gave  results  in 
a  ductile  material  corresponding  to  what  might  be  expected  in  a 
brittle  material  under  steady  load.  Therefore,  as  Professors  Gibson 
and  Stoney  pointed  out,  they  obtained  fractures  such  as  were 
indicated  as  probable  by  the  colour  photographs  ;  although  they 
might  not  be  so  obtained  in  a  static  test. 

Professor  Stoney  had  drawn  attention  to  the  fractures  which 
sometimes  occurred  at  changes  of  section  in  turbine-shafts  and  at 
the  rectangular  grooves  turned  in  them.  This  was  a  very 
interesting  matter  and  one  of  his  assistants  had  been  working  on 
it  recently,  but  the  measurements  had  not  advanced  far  enough 
to  enable  an  adequate  reply  to  be  given  ;  speaking  generally,  the 
distributions  appeared  to  resemble  corresponding  cases  described 
by  the  speaker  in  a  recent  Paper  on  stresses  in  tension  members 
referred  to  above.  Another  question  which  had  been  raised  by  one 
of  the  speakers,  Dr.  Cook,  with  respect  to  the  stresses  in  members 
of  circular  cross-section,  and  here  again  the  speaker  would  not  take 
up  time  by  describing  the  flat  cell  method  referred  to  in  the  above 
Paper  in  order  to  obtain  an  experimental  solution. 

As  regards  the  effect  of  surface  finish  upon  fracture  and  extension, 
Professor  Stoney  had  made  some  interesting  observations  of  great 
value,  and  possibly  not  very  well  known.  In  regard  to  these  he  would 
like  to  mention  some  experiments  made  a  short  time  ago  in  the 
laboratory  at  University  College  upon  the  effects  of  slight  roughnesses 
and  the  like.  These  could  be  easily  produced  and  their  effects 
observed  at  the  edges  of  a  nitro-cellulose  specimen.  If,  for  example, 
one  took  an  ordinary  fiat  bar  and  loaded  it  in  a  testing-machine,  a 
uniform  colour  was  obtained  corresponding  to  the  load  and  there 
would  be  no  unusual  effect  at  the  edges  if  these  latter  were  quite 
smooth.  If,  however,  a  slight  mark  was  made,  say,  by  scoring  with 
a  penknife,  and  the  region  was  examined  by  aid  of  a  microscopic 
attachment,  bands  of  colour  could  be  observed  of  a  characteristic 
form  and  generally  consisting  of  two  bright  rays  at  about  45°  to 
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the  edge,  and  teiidiug  to  persist  as  tin;  load  increased.  With 
alternating  stress  well  below  the  yield-point  of  the  main  body  of 
the  material,  these  colour  effects  became  permanent  and  penetrated 
more  and  more  into  the  material  as  the  number  of  alternations 
increased,  and  finally  they  seemed  to  cause  fracture  of  the  specimen. 
That,  he  believed,  was  what  roughness  of  surface  tended  to  produce 
in  stressed  material.  It  initiated  high  local  stress  which  enlarged 
the  scope  of  its  effect  with  increasing  load  and  also  with  repetition 
of  load.  It  appeared  to  the  speaker  that  this  subject  could  be 
investigated  still  further  by  optical  means,  and  he  would  like  to 
point  out  that  an  advantage  of  such  a  method  of  attack  was  that 
microscopic  methods  seemed  unnecessary.  Scratches  and  roughnesses 
of  surface  when  magnified  could  be  represented  in  the  plain  bar 
by  some  form  of  notch,  and  provided  there  were  no  other  disturbing 
boundary  condition  or  applied  force  near,  one  could  take  any  size 
of  notch  which  happened  to  be  convenient  for  examination.  This 
appeared  to  be  a  sound  line  of  attack,  and  mathematical  reasoning 
seemed  to  support  it.  So  far  as  the  speaker  was  aware,  there  were  no 
accurate  mathematical  solutions  of  the  stress  distributions  caused 
by  notches,  but,  in  the  related  subject  of  holes  of  circular  and  elliptical 
orms  in  tension  members,  analysis  showed  that  the  size  of  the  hole 
made  no  difference  to  the  distribution  in  its  neighbourhood,  provided 
the  bounding  edges  of  the  plate  were  sufficiently  far  away,  and  the 
inference  that  this  also  held  for  notches  imder  similar  conditions 
seemed  a  legitimate  one.  Some  experiments  on  this  basis  were  now 
n  progress  for  investigating  scratches  in  materials,  and  the  speaker 
hoped  to  be  able  to  describe  them  at  a  later  date. 

He  was  very  interested  in  Mr.  Stromeyer's  remarks,  and 
especially  in  his  formula  for  the  strength  of  a  shaft  which  brought 
in  the  radius  of  the  fillet.  The  speaker  did  not  quite  understand 
how  it  was  obtained,  but  it  appeared  to  him  to  be  something  new 
and  important  because  all  the  experimental  work  done  so  far  seemed 
to  show  that  the  radius  of  the  fillet  had  a  very  marked  effect. 

The  point  which  Mr.  Herbert  raised  could  be  answered  by 
reference  to  the  detailed  measurements  of  stresses  in  tension  members 
used  in  testing  materials  and  referred  to  above,  and  as  he  was  bound 
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lo  bi'  briel',  ho  would  contxMit  luiusolf  with  indicating  Miis  scnirce 
of  further  information. 

With  regard  to  Dr.  Cook's  in([uiri('s,  his  earlier  remarks  concerning 
the  method  of  enclosing  solid  cylindrical  specimens  in  flat  cells  were 
intended  to  explain  what  had  been  done  in  this  direction.  So  far 
as  the  speaker  was  aware  nothing  had  been  done  with  regard  to 
pipes,  but  he  saw  no  reason  why  a  similar  arrangement  should  not 
be  devised  on  these  lines  for  examining  pipes  in  Avhich  strengthening 
rings  were  used  to  reinforce  them  in  hydraulic  mains,  particularly 
those  used  for  distributing  water  to  turbines  in  hydraidic  power- 
houses. The  same  remark  also  ap])lied  to  boiler  shells,  and  although 
it  might  be  extremely  difficult  to  construct  such  experimental 
apparatus,  he  did  not  think  it  was  inherently  impossible. 

The  gear-wheels  which  Mr.  Kichardson  bad  drawn  attention  to 
were  only  intended  to  illustrate  some  general  introductory  remarks 
in  the  Paper,  but  it  might  be  of  interest  to  mention  that  the  stresses 
at  the  boundaries  of  the  teeth  forms  had  been  measured,  except  at 
the  points  of  contact,  while  the  directions  of  the  stresses  throughout 
were  also  known,  but  so  far  they  had  not  worked  out  the  distribution 
of  stress  in  the  interior  of  a  wheel.  Mr.  Kichardson  had  remarked 
on  the  high  value  of  the  stress  at  the  roots  of  the  teeth  in  contact,  and 
this  high  stress  was  generally  found,  but  what  was  still  more  worthy 
of  note  in  large-toothed  wheels  with  radial  arms,  was  the  large 
stresses  at  places  in  the  rim  and  in  the  arms  far  away  from  the 
teeth  in  gear. 

In  the  test  on  the  "  Hadfield  "  steel  bar,  referred  to  by  Mr. 
Carrington,  there  was  a  slight  reduction  in  section  at  the  fracture. 
It  was  important  to  remember  in  this  connexion  that  the  fracture 
occurred  at  one  end  of  the  gauge  length  where  two  small  indentations 
occurred  owing  to  the  attachment  of  the  cxtensometer  in  the  early 
part  of  the  test.  As  the  data  showed,  the  extension  was  remarkably 
uniform  throughout. 

The  remarks  of  Mr.  Massey  on  forging  seemed  important  and 
worth  following  up.  They  seemed  to  be  very  interesting  cases  of  the 
behaviour  of  stresses  in  plastic  material,  although  possibly  there 
might  be  other  features  of  interest  in  them.     One  of  the  advances 
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which  would  have  to  bo  made,  sooiiei  or  latter — lio  hoped  it  would 
bo  soon — was  to  tiad  out  what  were  the.  stresses  wliich  occurred 
when  a  body  had  ])assed  its  yield-point  and  ji;ot  into  a  more  or  less 
plastic  state.  It  was  really  the  most  interesting  work  that  was 
outstanding  in  the  subject  of  strength  of  materials.  The  forging 
of  hot  materials  was  one  of  those  cases.  Possibly  it  was 
more  com))licated  than  the  case  of  a  cold  material  because  of  the 
temperature  conditions,  but  in  any  case,  the  distribution  of  plastic 
stress  was  a  line  of  investigation  which  would  have  to  be  tackled 
almost  immediately,  if  they  were  to  obtain  useful  results  with  regard 
to  cutting  tools  in  which  The  Institution  of  Mechanical  Engineers 
was  so  much  interested. 


Commun  icat  ions. 

Sir  Henry  Fowler,  K.B.E.,  INIembei-  of  Council,  wrote  that  he 
would  be  glad  if  Professor  Coker  would  say  whether  he  had  made 
any  experiments  to  note  the  effect  of  vibration  on  material  or 
specimens  while  under  stress,  as,  practically  speaking,  in  all  cases 
where  structures  were  in  such  a  condition,  they  were  accompanied 
by  some  vibration,  and  if  the  eflect  of  this,  which  was  often  great, 
could  be  shown,  it  would  be  of  very  considerable  interest. 

With  regard  to  the  floating  surfaces  in  contact,  could  Professor 
Coker  say  to  what  degree  of  accuracy  these  surfaces  were  true.  It 
seemed  to  be  almost  impossible  to  get  a  satisfactory  flexible  or 
semi-flexible  substance  to  interpose  between  two  surfaces  in  contact, 
as  in  nearly  all  cases  the  intermediate  substance  tended  to  "  flow," 

With  regard  to  the  illustrations  which  showed  the  excess  of 
pressure  on  the  edge  of  the  block  bearing  on  the  larger  surface,  a 
considerable  time  ago  in  an  efibrt  to  find  a  suitable  substance  to 
interpose  between  two  surfaces,  the  writer  used  several  sheets  of 
hard  paper ;  these  were  put  on  the  top  of  an  ordinary  compression 
test-piece,  and  upon  pressure  being  applied,  it  was  found  that  the 
surfaces  of  the  test-piece  became  concave,  the  paper  being  finally 
cut  through  all  along  the  circumference  of  the  test-piece,  although 
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its   thickness   in    the    centre  was  very  little    increased.     This,  he 
thought,  bore  out  the  illustrations  which  the  Authors  had  given. 

In  connexion  with  the  pressure  that  was  applied  through  a 
V  surface,  what  was  the  radius  of  the  edge  of  this  ?  He  thought 
this  had  a  very  material  effect  on  the  stresses  set  up  at  the  point  of 
contact.  He  would  also  like  to  have  further  information  with 
regard  to  the  relative  behaviour  of  xylonite  and  steel,  and  what  was 
the  composition  of  the  Hadfield's  steel  mentioned  in  connexion 
with  Fig.  19  (page  409).  Steel  was  of  course  a  very  complex  substance, 
and  its  behaviour  depended  very  largely  upon  its  composition. 

Dr.  W.  H.  Hatfield  wrote  that  the  Authors  were  to  be 
congratulated  on  the  useful  application  of  the  optical  method  of 
attack  to  important  practical  problems.  They  showed  that  so  far 
as  the  mathematical  results  could  be  reduced  to  numerical  values, 
the  latter  fully  substantiated  the  results  of  the  optical  analysis,  thus 
giving  further  confidence  in  the  results  for  those  cases  which  could 
be  solved  optically  but  not  mathematically. 

With  regard  to  the  value  of  results  of  tensile  tests,  the 
inaccuracies  caused  by  putting  centre  dots  or  scratches  on  test-pieces, 
either  for  simple  measurement  of  elongation,  or  for  the  purpose  of 
carrying  an  extensometer,  had  long  been  felt  to  be  serious,  but  just 
how  far  they  interfei'ed  with  the  results  obtained  was  hitherto  a 
matter  mainly  for  speculation.  Professor  Coker  had  now  put  the 
matter  on  a  firmer  footing.  A  simple  way  of  translating  the  results 
from  the  small  models  to  actual  test-pieces,  was  to  compare  the 
stresses  set  up  in  the  models  by  the  transverse  pressures  with  the 
longitudinal  stresses  that  would  have  resulted  if  forces  of  equal  value 
had  been  applied  along  the  length  of  the  specimen,  remembering  that 
generaUy,  similar  relative  values  would  hold  good  for  the  ordinary 
test-pieces  loaded  similarly.  Taking  the  figures  given  in  Table  10 
(page  418),  the  longitudinal  stress  due  to  a  load  W  of  100  lb.  would 
have  been  500  lb.  per  square  inch.  The  stresses  set  up  when  this  load 
was  applied  transversely  by  knife-edges,  varied  from  249  to  431  lb. 
per  square  inch  longitudinally,  at  the  critical  cross-section  and  from 
920  to  over  6,000  transversely,  presumably  reaching  indefinitely  high 
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values  in  the  neighbourhood  of  the  knife-edges.  On  a  tensile  test- 
piece  carrying  extensometer  of  appreciable  weight,  (such  as  the 
Ewing  type),  it  appeared  then,  that  the  material  in  the  immediate 
neighbourhood  of  the  knife-edges  was  seriously  broken  down,  and 
the  damage  might  extend  an  appreciable  distance  on  either  side. 
How  far  would  this  invalidate  the  extensometer  readings  ?  The 
distinct  rounding-off  of  most  load-extension  curves  just  beyond  the 
limit  of  proportionality  was  possibly  exaggerated  due  to  this  cause, 
giving  an  apparent  value  for  the  limit,  appreciably  lower  than  the 
real  one.  The  stress  longitudinally  due  to  the  transverse  pressure 
fortunately  was  relatively  small  compared  with  the  stresses  applied 
longitudinally  in  carrying  out  the  test — the  former  being  probably 
limited  to  say  ^  ton  per  square  inch  locally.  This  meant, 
however,  that  at  best  one  could  not  depend  upon  proportional  limit 
determinations  to  a  much  finer  limit  than  i  ton  per  square  inch. 
Would  the  Authors  say  whether,  in  their  opinion,  the  inaccuracy 
was  likely  to  be  more  than  this  ?  Would  the  fact  that  the  transverse 
stresses,  due  to  the  clamping  of  the  instrument,  were  much  higher, 
cause  still  earlier  yielding  of  the  test-piece  longitudinally,  and 
so  increase  the  error  of  the  determinations  of  the  limit  of 
proportionality  ? 

With  regard  to  the  form  of  test-piece  employed  by  Professor 
Dalby,  having  collars  turned  with  the  piece,  this  seemed  to  be  an 
improvement  in  every  way  on  the  ordinary  method  of  centre-dotting. 
It  was  unfortunately  outside  the  range  of  everyday  practice. 

The  Authors  referred  to  the  stresses  due  to  line  contact  in  roller 
bearings,  gear  teeth,  etc.,  and  the  writer  hoped  that  in  a  further 
Paper  on  this  subject,  the  Authors  would  deal  with  the  local 
intensities  of  the  pressures  set  up,  and  their  distribution  over  the 
areas  of  contact,  in  such  cases. 

Dr.  Walter  A.  Scoble  wrote  that  ]iis  association  with  Professor 
Coker  when  he  commenced  his  researches  by  the  use  of  polarized 
light,  allowed  him  to  appreciate  the  large  amount  of  careful  work, 
requiring  delicate  manipulation,  which  had  been  done  iu  connexion 
mth  this  Paper.  It  was  probable  that  many  members  would  not 
have  time  to  study  this  long  Paper  in  detail,  and  he  would  suggest 
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that  Professor  Coker  should  add  a  conclusion  to  give  the  general 
results  and  to  indicate  their  bearing  on  engineering  practice  If 
engineers  would  study  these  general  investigations  and  picture  the 
behaviour  of  the  material  which  led  to  the  results  obtained,  they 
would  be  rewarded  by  having  a  clearer  understanding  of  the  stress 
distribution  in  the  complex  cases  which  so  often  arose. 

The  Authors  emphasized  the  fact  that  when  a  bar  of  material 
was  supported  on  a  slab  and  was  subjected  to  a  pressure  at  the  centre 
of  the  top  surface,  the  pressure  between  the  bar  and  the  slab  was 
confined  to  the  region  near  the  line  of  the  pressure  and  the  ends  of 

Fig.  3i. 
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the  bar  bent  upwaids.  Further,  the  pressure  on  tl'c  to])  of  the  bar 
was  most  intense  at  the  edges  of  the  surface  on  which  the  load  was 
applied.  These  ])hcnomena  could  be  explained  in  a  general  fashion 
as  follows:  The  compression  in  the  direction  AB,  Fig.  34,  was 
accom])anied  by  elongations  normal  to  AB.  In  the  lower  portion 
of  the  bar  the  elongations  might  actually  occur,  or,  if  this  would 
involve  sliding  on  the  surface  C4BH,  and  the  frictional  resistance 
was  great,  the  elongation  was  opposed  by  frictional  surface  shears 
in  the  directions  of  the  arrows.  No  doubt  there  was  lateral  elongation 
in  the  region  of  the  application  of  the  pressure,  but  this  was  less 
than  the  increase  of  length  required  by  the  new  shape  of  the  indented 
surface,  ECDF.  Consequently  there  was  a  vii'tual  shortening  here 
under  the  loail.     The  siiuiUnity  to  the  case  of  a  beuni  was  evident, 
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conii)ros£ion  ubove  and  elongation  below,  and  so  the  ends  of  the 
bar  canted  np.  The  natural,  continuous  shape  of  the  depressed 
surface  was  like  ECADF,  curved  at  all  points  except  where  the 
curvature  changed  sign.  Excessive  pressures  at  C  and  D  were 
required  to  depress  these  points  to  the  depth  of  A.  A  rigid  base- 
plate of  a  column  would  exert  more  than  the  average  pressure  near 
its  boundaries,  but  if  the  base-plate  were  not  rigid  the  ends  were 
relieved,  and,  in  the  case  of  insufficient  stiffening,  the  pressure  was 
greatest  on  the  central  region. 

He  was  gratified  to  find  that  the  lateral  strain-meter  which  he 
introduced  had  been  developed  by  the  addition  of  slides  and 
micrometers  to  control  the  position  of  the  needles,  and  that  with 
this  addition  the  instrument  gave  records  which  permitted  a  more 
complete  solution  of  the  problems  investigated  than  was  furnished 
by  the  optical  method  alone.  It  was  stated  that,  under  tension 
stress,  the  law  of  optical  retardation  of  nitro-cellulose  compounds  was 
proportional  to  stress  and  not  to  strain,  and  that  it  was  linear, 
even  when  the  material  was  stressed  far  beyond  the  elastic  limit 
and  very  near  the  yield-point.  Hence  the  optical  measurements 
required  no  correction  at  high  stresses.  But  surely,  if  the  strain 
were  no  longer  proportional  to  the  stress,  that  fact  caused  the  stress 
distribution  to  be  altered,  it  was  no  longer  similar  to  that  in  an 
elastic  material  under  the  same  system  of  loading,  such  as  steel. 
It  appeared  that  the  Authors  measured  the  stress  in  the  xylonite 
model,  but  at  the  places  of  high  stress  the  distribution  Vv'as  only 
very  approximately  similar  to  what  it  would  })e  in  steel.  But  many 
materials  had  no  better  elastic  properties  than  nitro-cellulose,  so  for 
them  the  agreement  was  sufficiently  good. 

It  appeared  to  the  writer  that  Professor  Coker  did  not  truly 
present  the  effect  of  centre  dots  on  a  specimen  under  a  tension  test. 
Contact  pressure  had  little  if  anything  to  do  with  the  fracture 
taking  place  through  the  dots.  The  case  was  more  closely  comparable 
with  the  notched  bars  jjreviously  investigated.  Even  so,  in  his 
experience,  although  the  centre  dots  sometimes  localized  the  fracture, 
])articularly  with  the  harder  materials,  the  effect  on  the  breaking 
stress    was    within   the   limit   (jf   expeiiineutul    error.     The    efi'ect.s 
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investigated  by  Professor  Coker  were  smoothed  out  after  }aeld. 
The  example  given  in  the  Paper  corresponded  to  a  pressure  at  the 
extensometer  screws  one-tm'rd  the  tension  on  the  specimens.  This 
corresponded  to  a  very  low  tension  on  a  metal  specimen.  The  efiect 
of  the  revised  stresses  on  the  elastic  constants  would  be  too  small 
to  be  detected  by  an  extensometer.  At  the  elastic  limit  of  a  low 
tensile  steel  the  initial  screw-pressure  was  probably  about  one- 
hundredth  of  the  tension  on  a  standard  specimen  of  0'564  inch 
diameter.  But  the  initial  screw-pressure  was  reduced  or  disappeared 
through  the  lateral  contraction  of  the  specimen,  because  most 
extensometers  had  fixed  and  not  spring-loaded  screws.  Immediately 
after  pcld,  rigid  clamps  were  often  found  to  be  loose  in  the  centre 
dots.  There  seemed  to  be  little  doubt  that  the  discontinuity  at 
the  centre  dot,  and  not  the  pressure  applied  there,  localized  the 
fracture,  and  the  fact  that  specimens  of  similar  material  marked  for 
elongation  measurements  often  failed  in  the  same  way  supplied 
a  confirmation  of  this  view. 

Mr.  C.  Humphrey  Wingfield  thought  that  the  value  of  this 
highly  mathematical  Paper  would  be  greatly  increased  if  the  Authors 
would  summarize  their  conclusions  in  a  form  which  could  be  easily 
made  use  of  in  general  practice.  He  gathered  that  they  would  be 
somewhat  as  follows,  but  he  hoped  that  the  Authors  could  state 
them  in  a  more  definite  manner  and  perhaps  add  to  their 
number  : — 

1.  It  was  of  no  use  attempting  to  calculate  the  distribution  of 
stress,  as  this  could  not  "  be  determined  except  by  experimental 
means  "  (page  365). 

2.  Lateral  pressures  of  only  15  lb.  transmitted  by  knife-edges 
to  the  sides  of  a  1-inch  by  -rV"iii<^"^^  test-piece  materially  altered  the 
distribution  of  stress  due  to  a  longitudinal  pull  of  three  times  that 
amount,  the  stress  being  greater  in  their  immediate  neighbourhood 
(page  412). 

3.  A  mere  scratch  or  indentation,  although  without  continuance 
of  lateral  pressure,  often  altered  the  distribution  sufficiently  to 
determine    the    position    of    tlie    fracture    in    high-tension    steel 
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(page  407),  or  eveu  when   the  material  had  become  very  plastic, 
Fig.  19  (page  409). 

4.  An  increase  of  stress  occurred  near  the  enlarged  end  of  a 
standard  test-piece,  which  was  met  with  under  more  advantageous 
circumstances  (page  433),  in  the  case  of  a  thin  flange  such  as  used 
by  Professor  Dalby  (page  420). 

5.  The  radius  of  the  fillet  round  such  flanges  did  not  matter 
much  (page  430),  nor  was  the  form  of  curve,  if  other  than  a  radius, 
very  important  (page  433). 

6.  In  compression-tests  uniform  stress  could  not  be  approached  : 
(a)  unless  the  sj)ecimen  was  bedded  on  parallel  blocks  (page  406) 
of  the  same  material ;  (6)  if  the  thickness  was  more  than  about 
one-quarter  of  the  width  (page  407). 

Professor  Coker  wrote  that  he  quite  appreciated  the  suggestions 
made  by  Dr.  Scoble  and  Mr.  Humphrey  "VVingfield  that  in  a 
somewhat  lengthy  Paper,  a  summary  of  the  main  conclusions 
might  be  useful,  but,  as  the  discussions  in  London  and  Manchester 
had  shown  that  no  difficvilty  had  been  experienced  in  understanding 
what  these  were,  he  had  not  attempted  to  add  further  descriptive 
matter.  The  surface  effects  in  a  loaded  block  no  doubt  contributed 
much  to  the  changes  in  the  form  of  the  block,  and  Dr.  Scoble 
emphasized  their  importance,  possibly  unduly  so,  having  regard  to 
the  colour  effects  observed  in  the  body  of  the  block  shown  in 
Fig.  11,  Plate  16. 

The  writer  also  desired  to  acknowledge  the  help  of  Dr.  Scoble 
in  devising  a  simpler  form  of  extensometer  to  that  which  he  used 
originally  for  lateral  measurements  of  metals  and  rocks  *  under 
stress.     There  seemed  some    ground  for   supposing  that,  for  very 

*  "  A  Laboratory  Apparatus  for  Measuring  the  Lateral  Strains  in  Tension 
and  Compression  Members,  with  some  Applications  to  the  Measurement  of 
the  Elastic  Constants  of  Metals,"  by  E.  G.  Coker.  Proc.  Roy.  Soc.  Edin., 
vol.  XXV,  1904-5. 

"  An  Investigation  into  the  Elastic  Constants  of  Rocks,  more  especially 
with  reference  to  Cubic  Compressibility,"  by  Frank  D.  Adams  and  Ernest 
G.  Coker.     Carnegie  Institution  of  Washington,  X90G. 


466  CONTACT    rRESSURKS    AND    STltKSSES.  Maik  ii    lOlil. 

high  stresses,  there  was  some  redistribution  of  stress  even  when 
the  law  of  optical  effect  held.  If  this  was  so,  it  aftbrded  an 
explanation  of  some  small  discrepancies  between  calculation  and 
experiment  which  had  been  observed  in  one  or  two  cases  in  which 
along  a  given  line  there  was  an  extremely  great  stress  variation, 
which  latter,  when  measured  by  optical  means,  was  found  to  agree 
within  one  or  two  per  cent  along  the  whole  line  except  at  the  very 
highest  points,  when  differences  in  defect  of  from  4  to  5  per  cent 
were  measured.  Allowing  for  possible  experimental  errors  these 
results  seemed  to  indicate  a  stage  at  which  equalization  was 
commencing.  Dr.  Scoble  appeared  to  be  under  some  misapprehension 
as  to  the  points  raised  in  the  Paper  regarding  the  harmful  effects 
which  might  be  caused  by  extensometer  screws.  It  was  clear  that 
these  effects  arose,  in  general,  from  the  permanent  indentations, 
and  this  was  especially  emphasized  by  the  description  of  the  test  on 
"  Had  field  "  steel,  in  which  the  cross-sectional  ax'ea  was  finally  about 
43  per  cent  smaller  than  the  original  cross-section,  except  at  the 
fracture,  where  it  was  even  less.  Further,  it  would  be  noted  (Fig.  19, 
page  409)  that  the  load  at  which  the  extensometer  was  removed 
was  about  one-third  of  the  breaking  load. 

Dr.  Hatfield  raised  the  question  of  the  influence  of  the 
indentations  upon  the  form  of  the  load-extension  curve,  and 
especially  the  effect  on  the  limit  of  proportionality,  and  on  the  form 
of  the  curve  just  beyond  this  point.  There  was  no  doubt  that 
indentations  tended  to  change  the  limit  of  proportionality  in  their 
neighbourhood,  and  their  influence  increased  with  decreasing  gauge 
length.  It  was  evident  from  Fig.  2 1  (page  414),  that  the  conditions  in 
that  case  were  of  such  a  character  that  simple  stress  distribution 
was  not  obtained  for  a  length  of  the  specimen  at  least  equal  to  its 
width  in  the  neighbourhood  of  the  applied  transverse  load,  and  as 
extensometer  readings  were  a  summation  of  the  alterations  of  form 
over  the  whole  gauge  length  measured  in  the  axial  direction,  it 
seemed  evident  that  the  lowering  of  the  limit  of  proportionality 
would  depend  on  this  length  and  become  more  marked  as  it 
decreased.  The  cross-sectional  shape  and  area  also  introduced  other 
variable  factors.    It  seemed  probable,  therefore,  that  given  conditions 
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in  which  these  variables  could  all  exert  their  maximum  influence 
together,  it  would  be  quite  possible  to  obtain  a  limit  of  proportionality 
much  more  than  half  a  ton  per  square  inch  below  its  true  value, 
accompanied  by  an  abnormal  rounding  off  of  the  load  extension 
curve  beyond  this  limit. 

As  regards  vibration  effects  mentioned  by  Sir  Henry  Fowler,  no 
measurements  had  been  made  as  yet  on  their  influence.  The 
flat  contacting  surfaces  were  true  planes  within  one  or  two  ten 
thousandths  of  an  inch,  and  were  prepared  by  the  usual  scraping 
processes.  The  effect  of  hard  paper  on  the  end  surfaces  of 
compression  blocks  was  very  interesting,  and  it  was  worth  noting 
that  the  writer  bad  obtained  the  same  type  of  effect  with  nitro- 
cuUulose  blocks  under  similar  conditions.  The  Y  knife-edges  were 
made  by  grinding  the  inclined  surfaces,  and  the  edges  produced 
were  similar  in  character  to  the  steel  knife-edges  sometimes  used 
in  precision  balances,  but  the  radii  of  curvature  of  the  edges  were 
not  measured,  and  as  these  pieces  had  been  used  for  other  work 
since,  it  is  now  impossible  to  say  what  their  exact  condition  was 
when  the  measurements  were  made.  The  relative  behaviour  of 
xylonite  and  steel  was  difiicult  to  describe  briefly,  but  fortunately 
these  matters  had  been  examined  recently  *  in  such  a  manner  that 
an  effective  comparison  could  be  made. 

Lastly,  the  writer  was  informed  by  Sir  Robert  Hadfield  that  the 
composition  of  the  test  bar  A8725  was  as  follows : — 

Iron      .....        86'09  per  cent 
Manganese     .  .  .  .        12-64       ,, 

Carbon  ,  .  .  .  1-27       „ 

100-00 


*  "  Researches  on  the  Elastic  Properties  and  the  Plastic  Extension  of 
Metals,"  by  Prof.  W.  E.  Dalby,  F.R.S.     Phil.  Trans.,  1920. 

"  The  Stress-Strain  Properties  of  Nitro-Cellulose  and  the  Law  of  its 
Optical  Behaviour,"  by  Prof.  E.  G.  Coker,  F.B.S.,  and  K.  C.  Chakko,  M.Sc, 
Phil.  Truus.,  JdZO. 
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An  Ordinary  General  Meeting  was  held  at  The  Institution, 
London,  on  Friday,  22nd  April  1921,  at  Six  o'clock  p.m.;  Captain 
H.  RiALL  Sankey,  C.B.,  C.B.E.,  R.E.,  ret..  President,  in  the  Chair. 

The  Minutes  of  the  previous  Meeting,  held  on  18th  March, 
were  read  and  confirmed. 


The   President   announced  that   the  following   49  Candidates 
had  been  duly  elected  : — 


MEMBERS. 


Danielsen,  John  William,  . 

Garcke,  Sidney  Emile, 

Leech,  William,  .... 

Nielsen,  Holger  Lundsgaard  Raaschon, 


Birmingham. 
London. 
Glasgow. 
Hankow. 


associate  members. 

Brown,  William,  ......  Erith. 

CowAN,  Wellwood,      ......  Wakefield. 

Evans,  Evan  Reginald,  !iLB.E.,  ....  Singapore. 

Fletcher,  Robert  Mason,   .....  Tabaquita. 

Geneve,  Louis  Frederick  Charles  Anthony,  .  .  London. 

Griffiths,  Edward,    ......  London. 

Hanford,  Rupert,      ......  London. 

Hartley,  Ellis,  ......  Keighley. 

Hastings,  Herbert  Joseph, .....  London. 

Jones,  Arthur  William,        .....  Birmingham. 

Miller,  John  Francis  Xavier,  Captain,  R.A.O.C., 

I.O.M., Harwich. 

Mills,  Sidney  Ewart,.  .....  Radcliffe. 

Mitchell,  Raymond  James,         ....  London. 

Peck,  Henry  Adams,  Captain,  R.E.,     .  .  .  Salisbury. 
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Rkkvk,  Williiiiii  AlexiiiKltM'. 
Renfkkw.  John  IMacKiimoii, 
Kenton,  CUxvin  Alston,        .... 
Richardson,  Pcrcival,  Cuptain,  R.E.,  . 
R0BERT.SON,  Harold  John,  Captain,  M.C.,  R.A..S.C 
RoscoE,  Herbert  James,       .... 
Sims,  George  Arthur,  Captain,  R.A.S.C., 
Walter,  Rees  Chri.stmas,     .... 
Whitehead.  Robert  Wood, 


London. 

Havana. 

London. 

]3eol:ili. 

Dublin. 

London. 

London. 

Colchester. 

Dera,  Ismail  Khan. 


ASSOCIATES. 


BiDMEAD,  Pertival  William, 

HiLBORN,  Frank  All)ert,  Captain,  R.E., 

Pemberton,  iSamuel  Thomas. 


Jesselton. 

Wool. 

Birmingham. 


GRADt;.\TES. 


Barrell,  Kenneth  Cecil,     . 
Beale,  Albert,  . 
BuNCLARK,  Frederick  Thomas, 
Burnet,  Harold, 
Clark,  James  d'Argaville,  . 
Cooke,  Arthur  Ellis  Owen,  . 
Das,  Akshaya  Xarayana,     . 
Glen,  Alexander  Ernest, 
(tOodman,  Reginald  Terence  Wy 
(lOULD,  Alfred  Jolin,  . 
Hinds,  Colton  Richard, 
Hudson,  Albert, 
Lloyd,  William  Francis, 
Ord,  Thomas  Charles, 
Plunkett,  Patrick  Archibald, 
Reid,  William  Alfred, 
Renton,  George  Frederick, . 
Smith,  Douglas  Buchanan,  . 
Smitz,  William  Bennett, 


Coventry. 

London. 

London. 

Manchester. 

London. 

London. 

Gla.sgo\v. 

Glasgow. 

London. 

London. 

Doncaster. 

London. 

London. 

Newcastle-on-Tyn  e 

London. 

London. 

Bradford. 

London. 

London. 


The  President  announced  that  the  following  five  Transferences 
had  been  made  : — 

Associate  Members  to  Mevihers. 


Dabell,  Alexander  Frank,  . 
Dew,  Joseph  Turner,  . 
Xell,  Leonard,  . 
Robertson,  James  French, 
Thompson,  Joseph, 


London. 

Antigua. 

Lagos. 

Antwerp. 

Tokyo. 
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Tlir  (lucstion  of  "  Liuiit  Givugiiig "  was  introduced  by  Sir 
Richard  T.  Clazebrook,  K.C.B.,  Sc.D.,  F.R.S.,  ILnmrarn  Life 
Memlxr,  and  discussed  by  the  IMeetiiig. 


The  Meeting  terminated  shortly  after  Half-Past  Seven  o'clock. 
The  attendance  was  1 04  Members  and  29  Visitors. 


The  discussion  on  "  Limit  Gauging"  was  continued  at: — 

Leeds,  in  the  Philosophical  Hall,  Park  Row,  on  Monday, 
2nd  May,  at  7.30  p.m.;  Lt.-Col.  E.  Kitson  Clark. 
Member  of  Council,  in  the  Chair. 
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LIMIT  GAUGING. 

Note  by  Sir  RICHARD  T.  GLAZEBROOK,  K.C.B.,  Sc.D.,  P.R.S., 
Honorary  Life  Member. 

(1)  The  Basis  for  Standardization. — The  Hole  or  the  Shaft; 
reasons  for  selecting  the  Hole.  The  Shaft  necessary  for  some 
work. 

(2)  The  Unilateral  and  the  Bilateral  Sifsfems  :- 

(rt)  The  Unilateral  System.  Its  use  in  the  original 
Engineering  Standards  Report.  The  nominal  dimension 
as  the  dividing  line.  All  tolerances  on  Holes  positive. 
Clearance  equal  to  Allowance  +  sum  of  Tolerances. 
The  use  of  standard  Plug  Gauges.  Its  adoption  in 
Germany  and  Switzerland. 

(h)  The  Bilateral  System.  Its  adoption  by  a  number  of 
Firms. 

(c)  Comparison  of  the  two  ;  the  possibility  of  a  combination. 
Mr.  Hedley  Thomson's  suggestion.  The  Continental 
arrangement.     Resolution  of  the  Limit  Gauges  Panel. 

(3)  Systems  of  Limits : — 

(a)  Standardization  of  a  series  of  Tolerances. 

(b)  The  quantity  to  be  dealt  with.      Allowance  +  sum  of 

Tolerances.  Allowance  =  Minimum  Clearance  for 
satisfactory  working.  Sum  of  Tolerances  =  additional 
possible  clearance  to  permit  wear  and  tolerate 
imperfect  workmanship. 

(c)  Limits  applicable  to  work  ;    the  question  of  Tolerances 

on  Gauges. 
(<Z)  The  relation  between  Limit  and  Diameter — 

Limit  =  Nominal  Size  -\-  a  -{-  b  \/D  +  cD. 
(e)  Limit  Lines  as  given  by  the  above ;  Steps  and  Ranges  ; 
their  necessity. 
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(4)  Steps  and  Ranges. — The  Values  of  these  : — 

(a)  The   unit   step   0-0005   inch   or  0-0004   inch.      Steps, 
except  for  fine  work,  multiples  of  one  or  other  of  these. 
The  convenience  of  equal  steps. 
(6)  The  ranges  ;  their  lengths  fixed  by  that  of  the  steps, 
(c)  Mr.  Hedley  Thomson's  Scheme.     The  Steps  are  given  by 
the  expression — Limit  =  r  (1  +  n), 
n  being  the  number  of  the  range  and  r  some  suitable  integer ;  the 
Ranges  by  the  series — 

1,  1  +  2,  1 .+  2  -f  3 1  +  2  + +  n. 

Thus  the  nth  range 

=  14-2+ +n  =  2 

the  units  being  any  convenient  quantities,  e.g.,  for  r  0*0001  inch, 
and  for  the  ranges  0- 1  inch. 

{d)  Number  of  Ranges  required : — 

(i)  Mr.  Hedley  Thomson's  Scheme, 
(ii)  Continental  Schemes, 
(iii)  Other  Suggestions. 

Desirability  of  a  scheme. 

(5)  Limit   Lines. — Their    applicability.      Interchangeable    work 

and  the  requisite  conditions 
(i)  Running  Fits, 
(ii)  Transition  Fits, 
(iii)  Interference  Fits. 

(i)  Running  Fits — General  agreement  as  to  possibility  ; 

questions  as  to  amounts  of  tolerance,  etc. 
(ii)  Transition     Fits — DiflFerence     of     opinion     as     to 
possibility  ;  necessity  for  close  limits.    In  a  given 
case,  the  clearance  may  be  (a)  positive,  (h)  negative, 
and  still  be  within  the  limits, 
(iii)  Interference  Fits — Question   as   to  the   proper  law 
for  the  allowance. 
Can  the  last  two  be  standardized  ? 

(6)  Illustrations  of  Systems  of  Limits. 
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Discussion  in  London  on  Friday,  22nd  April  1921. 

The  President  said  the  Members  would  recollect  that  Limit 
Gauging  was  the  subject  matter  of  Sir  Richard  Glazebrook's  Thomas 
Hawksley  Lecture.*  Subsequently  the  wish  was  expressed  that  a 
discussion  should  take  place  on  certain  poinds  dealt  with  in  it. 
Sir  Richard  was  approached  on  the  matter  and  had  very  kindly 
consented,  he  feared  at  much  inconvenience  to  himself,  to  open  a 
discussion  on  the  present  occasion,  and  for  that  purpose  had 
prepared  a  note  which  was  in  the  hands  of  the  Members.  He  would 
ask  Sir  Richard  to  be  kind  enough  to  open  the  discussion. 

Sir  Richard  T.  Glazebrook,  K.C.B.,  F.R.S.,  said  that  the  first 
matter  to  settle  was  the  basis  for  standardization.  It  was  understood, 
he  thought,  that  they  were  concerned  practically  entirely  with 
the  standardization  of  cylindrical  work,  and  the  question  to  be 
considered  was  whether  the  hole  or  the  shaft  was  to  be  taken  as  the 
basis  for  that  standardization,  that  is,  was  the  hole  to  be  the  part 
that  approached  most  nearly  to  the  nominal  dimensions  and  were 
the  allowances  which  were  required  to  secure  proper  fit  in  the  case 
of  a  running  fit  to  be  made  on  the  shaft,  or  should  that  basis  be 
reversed  ?  It  was  now  practically  agreed  that  for  nearly  all  kinds 
of  work  the  hole  was  the  proper  basis  to  take,  although  there  were 
certain  kinds  of  work,  shafting,  for  example,  for  which  it  was  necessary 
to  treat  the  shaft  as  the  basis  and  to  make  the  allowances,  etc.,  on 
the  hole.  Assuming  then  that  the  hole  was  to  be  the  basis,  was  the 
standardization  to  proceed  on  the  unilateral  or  the  bilateral  system 
of  gauging  ?     Fig.  1  (page  476)  would  illustrate  the  difference. 

The  Fig.  represented  the  section  of  a  shaft  and  hole,  and  the 
lines  AB,  etc.,  defined  the  positions  of  the  minimum  and  maximum 
hole  and  the  minimum  and  maximum  shaft.  The  question  at  issue 
was  which  of  those  various  lines  shown  in  the  diagram  should  be 
taken  as  the  nominal  dimension.  It  had  been  agreed  that  the  hole 
should  be  the  basis,  and  therefore  one  of  the  lines  relating  to  the 
hole  should  be  considered  as  of  nominal  size.     On  the  unilateral 


*  Proceedings,  I.Mech.E.,  1920,  page  1075. 
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system  the  line  that  was  taken  as  approaching  nearest  to  the 
nominal  size  was  the  line  XY,  coinciding  with  AB,  the  minimum 
hole.  All  tolerances  on  the  hole  were  positive.  In  the  bilateral 
system,  on  the  other  hand,  some  line,  such  as  X^Y\  lying  between 
AB,  the  minimum  hole,  and  CD,  the  maximum  hole,  was  taken  as 
of  nominal  size.  The  tolerances  were  both  positive  and  negative. 
The  first  point  for  settlement  was  which  of  these  two  systems  was 
to  be  adopted.  Going  back  to  the  original  Keport  of  the  Engineering 
Standards  Association,  the  shaft  was  there  taken  as  a  basis,  but  the 
Report  was  worked  on  a  unilateral  system,  the  tolerances  on  the 
shaft  were  negative,  and   the  allowances  made  on    the  hole  were 

Fig.  1. — Minimtim  or  Mea7i  Hole. 
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positive.  The  nominal  dimension  was  the  dividing  line.  In  a 
unilateral  system  based  on  the  hole  the  tolerances  on  the  hole  were 
positive  ;  the  maximum  clearance  between  the  hole  and  the  shaft 
was  equal  to  the  allowance,  together 'ftdth  the  sum  of  the  tolerances, 
while  the  minimum  clearance  w'as  the  allowance. 

He  did  not  propose  to  say  very  much  about  the  argument  for 
and  against  that  system,  but  merely  to  call  attention  to  the 
difficulties.  Those  who  had  been  in  the  habit  of  using  a  series  of 
standard  plug-gauges  and  not  working  to  limits  had  practically 
adopted  the  unilateral  system  as  their  basis.  The  unilateral  system 
had  also  been  adopted  in  Germany  and  Switzerland  and  had 
practically  been  adopted  in  America.  It  was  also  adopted  in  this 
country  for  screw-gauges,  only  in  connexion  with  the  screws  the 
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shaft  was  the  basis.  The  nominal  size  was  the  maximum  dimension 
of  the  screw.  The  matter  had  been  discussed  to  a  considerable 
extent  by  the  various  Panels  and  Committees  of  the  British 
Engmeering  Standards  Association,  always  with  the  result  that  there 
had  been  a  small  majority  in  favour  of  the  adoption  of  the  unilateral 
system,  but  a  majority  so  small  that  it  was  difficult  to  act  on  it 
without  further  authority.  The  position  was  that  at  present  nearly 
all  those  who  approached  the  question  ah  initio  would  say  that  the 
unilateral  system  was  the  one  to  adopt.  On  the  other  hand,  the 
bilateral  system  had  been  adopted  in  England  by  a  number  of  firms 
using  limit  gauges,  and  therefore  there  was  very  considerable 
difficulty  in  their  changing  or  in  adopting  a  system  which  such  firms 
would  be  compelled  to  take  if  they  wished  to  fall  in  with  the  standard 
method  of  gauging  work.  However,  at  the  last  meeting  of  the 
Committee  which  dealt  with  the  matter  the  following  resolution 
was  come  to  :  "  That  the  unilateral  system  be  the  only  system 
recommended  as  standard  in  the  Report,  but  that  reference  be  made 
to  the  bilateral  system,  indicating  the  manner  in  which  this  can 
be  used  in  conjimction  with  a  scries  of  shafts  and  suggesting  a  method 
of  giving  effect  to  this."  The  Committee  came  to  the  conclusion 
that  it  was  possible  to  standardize  a  series  of  shafts  which  could  be 
employed  satisfactorily  either  in  a  unilateral  hole  or  in  a  bilateral 
hole.  It  would  be  necessary,  in  the  case  at  any  rate  of  the  closer 
fits,  that  the  shaft  that  was  used  for  a  close  fit  on  the  one  system 
should  be  used  for  a  less  close  fit  on  the  other  system  ;  but  the  same 
series  of  shafts,  it  was  hoped,  could  be  used  in  both  systems,  and  he 
believed  that  would  be  found  to  be  the  case.  The  suggestion  made, 
therefore,  was  to  adopt  as  standards  a  series  of  shafts  and  to  leave 
the  question  of  the  hole  to  settle  itself  in  the  future.  If  an  agreement 
could  be  come  to  now,  however,  he  thought  it  would  be  very  much 
better  to  settle  once  for  all  that  one  system  or  the  other  should  be 
standard,  and  try  to  arrange  in  the  same  way  that  those  who  were 
using  the  other  system  should  in  time  fall  in  with  the  standard 
method.  That,  he  might  say,  was  the  method  that  had  been 
adopted  in  Germany.  A  meeting  was  called  of  those  who  were 
using  the  bilateral  system,  and  they  came  to  the  conclusion  that  on 
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the  whole  the  evidence  in  favour  of  the  unilateral  system  was  so 
strong  that  they  were  prepared  to  give  way  and  at  any  rate  make  an 
attempt  to  put  their  works  on  to  the  unilateral  system  and  have  one 
system.  It  was  so  arranged,  subject  to  the  condition  that  at  the 
end  of  some  limited  period — two  years,  he  thought  it  was- -the 
matter  would  be  again  re-opened. 

The  next  question  to  be  considered  was  the  system  of  limits  and 
the  quantities  to  be  dealt  with,  namely,  the  allowances  and  the 
tolerances.  It  had  been  suggested  that  it  might  be  sufficient  at 
present  to  standardize  the  series  of  tolerances  and  allowances,  to  say 
that  for  work  of  a  certain  description  close  tolerances  of  jjy^y  inch 
would  be  satisfactory,  and  that  for  other  sorts  of  work  tolerances 
of  yj„rt  inch  and  so  on  should  be  used,  and  not  to  attempt  any 
general  scheme  connecting  tolerances  and  allowances  with  diameter. 
He  thought  it  would  be  felt  that  that  would  not  be  satisfactory, 
because  it  would  not  give  to  the  user  sufficient  information  as  to  the 
kind  of  limits  that  were  advisal>le  for  various  classes  of  work. 

It  should  be  noted  that  the  limits  considered  were  limits  applicable 
to  the  work.  That  raised  the  important  question  as  to  how  the 
work  and  the  gauges  that  would  be  used  for  testing  the  work  were 
connected.  The  matter  was  discussed  in  the  Thomas  Hawksley 
Lecture.*  He  merely  wanted  at  present  to  call  attention  to  the 
fact  that  the  effective  tolerance  on  the  work  was  somewhat  reduced 
by  the  tolerances  allowed  on  the  gauges. 

The  next  question  to  be  considered  was  the  relation  that  must 
exist  between  the  nominal  diameter  and  the  limits.  The  tolerances 
and  the  allowances  would  vary  with  the  diameter  of  the  work  : 
according  to  what  law  would  they  vary  ?  That  was  investigated 
a  number  of  years  ago  in  a  series  of  experiments  made  by  Mr 
Attwell  of  the  National  Physical  Laboratory.  At  that  time  the 
Committee  then  sitting-  under  the  chairmanship  of  Sir  Frederick 
Donaldson  had  before  it  a  good  deal  of  information  from  various 
firms,  in  particular  from  Messrs.  Armstrong,  Whitworth  and  Co. 
It  appeared  that  they  were  working  to  a  relation  which  made  the 
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tolerance  proportional  to  the  square  root  of  the  diameter.  Mr. 
Attwell's  experiments  led  to  much  the  same  result,  so  that  the 
following  formula  was  obtained  as  the  relation  between  any  limit 
and  tue  diameter  :  Limit  =  a  -i-  b  \/D.  For  certain  purposes  it 
might  be  necessary  to  have  tolerances  or  interferences  proportionate 
to  the  diameter,  and  that  would  give  another  term  :  +  cD.  Most 
of  the  schemes  of  limits  that  had  been  used  had  been  based  on  that 
law,  the  quantities  a,  b  or  c  being  different  according  to  the  class  of 
work  and  nature  of  the  fit,  one  or  other  of  them  in  certain  cases 
being  zero.  Dealing  with  running  fits,  which  were  perhaps  the 
more  important,  then  coefficient  c  was  zero,  and  the  limit  that  was 
worked  with  was  usually  one  given  by  the  expression  a  +  b  \/D. 
If  a  curve  was  drawn  in  which  the  diameters  were  measured 
horizontally  and  the  limits  vertically,  a  parabola  was  obtained. 
It  was  impossible  to  alter  the  limits  for  each  small  change  in  diameter, 
and  therefore  the  parabolic  curve  was  replaced  by  a  series  of  steps 
Then  the  tolerance  remained  constant  over  a  series  of  ranges  of 
lengtlis  of  diameter. 

The  next  important  question  related  to  the  size  of  the  steps  and 
ranges.  There  were  various  reasons  partly  of  convenience  and 
partly  on  other  accounts,  which  he  had  no  doubt  some  of  the  speakers 
would  deal  with,  why  the  steps  should  be  of  uniform  length.  If 
they  were,  then  the  fact  that  the  limits  were  given  by  a  parabolic 
curve  fixed  the  length  of  the  ranges.  The  lengths  of  the  steps  and 
ranges  were  thus  determined.  He  had  indicated  in  his  summary 
(page  474),  the  actual  formula  that  gave  the  relation  between  them, 
and  it  was  explained  more  fully  in  his  Thomas  Hawksley  Lecture. 
Those  steps  and  ranges  agreed  very  fairly  with  those  in  quite  a 
number  of  the  limit  systems  that  were  now  in  use. 

He  desired  to  call  attention  to  the  fact  that  the  various  schemes  all 
led  to  limits  of  much  the  same  amount.  Fig.  2  (page  480)  showed  a 
number  of  systems.  It  would  be  noticed  that  in  all  the  steps  and  the 
ranges  agreed  fairly  closely,  so  that  the  size  of  the  step  and  the  range 
seemed  to  be  generally  agreed  upon.  He  thought  more  would  be 
heard  with  regard  to  that  very  shortly.  It  was  necessary  then  to 
settle  the  number  of  ranges  required,  and  to  determine  the  class  of 
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Fic.  2. — Limit  Systems,  Hole  Tolerances. 
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fit  to  which  those  various  ranges  were  applicable.  The  fits  included 
running  fits,  transition  fits,' and  interference  fits.  While  he  thought 
it  would  be  found  there  was  not  much  difference  of  opinion  as  to 
the  applicability  of  a  limit  system  to  running  fits  and  the  possibility 
of  obtaining  of  interchangeable  work,  it  would  be  found  also  that 
when  dealing  with  transition  fits  and  interference  fits  other 
difficulties  arose  and  the  problem  was  much  less  simple  than  that  of 
devising  a  system  only  for  running  fits. 

He  suggested  that  the  points  to  discuss  were  first  the  question 
of  the  unilateral  and  the  bilateral  systems,  then  the  question  of  the 
size  of  the  steps  and  ranges,  and,  perhaps  before  that,  but  at  any 
rate  at  the  same  time,  the  question  of  the  applicability  of  any  sort 
of  system  of  limit  gauging  to  interference  fits  and  to  transition  fits. 
In  settling  all  the  questions  of  tolerances  and  allowances  in  limits, 
it  was  convenient  and  desirable  to  have  some  recognized  unit  to 
work  to.  It  would  be  noticed  under  heading  4  (page  474),  that  two 
suggestions  had  been  made,  one  that  the  unit  step  should  be  -joSiffo 
inch — that  was  said  to  be  convenient  for  use  with  a  micrometer — 
and  the  other  that  the  unit  step  should  be  xoooo  ii^^h.  That 
had  its  advantages  in  the  fact  that  it  was  an  even  number  of  ten- 
thousandths,  and  further  that  it  was  possible  to  change  from  the 
incli  tolerances  to  the  metric  tolerances  without  much  diflticulty, 
because  xoooo  i^^ch  for  that  purpose  was  the  same  as  -jJ^  mm., 
and  the  figures  that  were  obtained  in  inches  were  easily  and  directly 
transferable  into  metric  units  when  wanted. 

The  President  said  he  was  sure  the  members  desired  to  express 
their  thanks  to  Sir  Richard  Glazebrook.  It  was  very  much  to  be 
desired  that  the  discussion  should  help  materially  towards  settling 
the  difficult  points  that  Sir  Richard  had  referred  to,  and  he  would 
therefore  ask  the  speakers  to  be  as  little  discursive  as  possible  and 
to  limit  their  remarks  to  the  questions  of  the  unilateral  and  bilateral 
systems  and  to  the  steps  and  ranges. 

Mr.  William  Tavlor,  O.B.E.,  (Member  of  Council),  said  that  for 
seventeen   years   he   had   worked  with   others   on   the  Standards 
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Committees  in  dealing  with  the  subject  of  limit  gauges,  and  of 
late  he  had  come  to  feel  that  they  had  been  ploughing  the  sand, 
because  very  little  had  been  accomplished.  At  the  present  time  the 
position  was  that  Sir  Richard  Glazebrook  was  in  charge  of  a  series 
of  Committees,  Panels,  and  sub-divisions  on  the  subject,  which  had 
been  battling  for  two  years,  trying  to  arrive  at  a  decision,  which  was 
delayed  because  the  Committees  were  divided  into  two  camps, 
which  he  would  characterize  as  the  academic  and  the  practical. 
Personally,  he  tried  to  represent  the  practical  side,  and  he  had 
attended  the  Meeting  hoping  that  the  members,  who  he  believed 
were  mostly  practical  men,  would  back  up  those  members  of  the 
Committee  who  were  fighting  the  battle  on  their  behalf.  If  he  did 
not  receive  any  encouragement  from  them,  he  felt  like  giving  up 
the  subject  and  turning  his  attention  to  other  matters.  What  was 
needed  in  all  standardization  was  simplicity,  but,  in  the  case  of 
limit  gauging  and  the  subject  of  tolerances  and  allowances,  a 
question  was  being  dealt  with  that  was  so  comj)lex  that  it  was  very 
difficult  to  discuss  it 

It  had  always  seemed  to  him  that  there  was  the  same  kind  of 
difference  between  the  unilateral  and  the  bilateral  systems  as  there 
was  between  truth  and  falsehood.  There  could  be  but  one  true 
statement  in  respect  to  any  subject.  Every  subject  had  many 
aspects,  but  there  was  only  one  complete  statement  which  was 
strictly  true,'  whereas  an  indefinite  number  of  false  statements 
might  be  made.  The  unilateral  system,  established  by  Whitworth, 
who  introduced  standard  plug  and  collar  gauges,  had  been  followed 
for  two  generations.  Thousands  of  engineers  were  using  that 
system  at  the  present  day,  in  order  always  to  ensure  that  the  shaft 
was  never  larger  than  the  nominal  size,  and  that  the  hole  was  never 
smaller.  The  shaft  might  be  smaller,  or  the  hole  might  be  larger, 
if  an  allowance  was  wanted  for  a  lubricant.  In  the  bilateral  system, 
either  the  hole  or  the  shaft  was  allowed  to  have  its  limits  straddling 
the  nominal  size,  for  example,  the  hole  might  be  either  larger  or 
smaller  than  the  nominal  size.  Where  was  the  line  of  division 
between  the  shaft  and  the  hole  ?  It  might  be  anywhere  according 
to  choice,  and  therefore  it  was  possible  to  have  an  indefinite  number 
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of  bilateral  systems,  just  as  it  was  possible  to  have  an  indefinite 
number  of  false  statements  regarding  any  fact.  He  could  not 
think  that  English  engineers  were  going  to  throw  overboard  the 
work  of  Whitworth  and  establish  a  bilateral  system  of  limits  for 
shafts  and  holes.  Mr.  Hedley  Thomson,  a  man  of  great  nbility,  sent 
him  at  one  time  a  list  of  the  advantages  of  the  bilateral  system. 
He  looked  it  through  very  carefully  to  see  if  it  contained  any  very 
strong  argument,  but  he  did  not  find  one.  What  he  did  find  was 
that  the  bilateral  system  Mr.  Hedley  Thomson  was  now  recommending 
was  not  a  bilateral  system  which  anybody  used  at  the  present  time, 
so  that  the  proposal  was  to  set  up  still  another  bilateral  system, 
and  he  could  not  think  that  the  Committee  would  really  do  that. 

With  regard  to  the  question  of  tolerance  on  gauges,  seventeen 
years  ago  he  proposed  to  the  Standards  Committee  that  it  should 
consider  tolerance  on  gauges  as  well  as  tolerance  on  the  work,  but 
the  proposition  was  not  accepted.  It  was  practical  experience  during 
tlie  War  that  compelled  the  Committee  to  consider  tolerances  on 
gauges,  but  they  had  not  yet  considered  it  fully,  because,  so  far  as 
they  had  gone  hitherto,  they  had  considered  tolerance  only  in  the 
making  of  a  gauge,  and  did  not  give  tolerance  for  the  wear  of  the 
gauge  When  Sir  Richard  Glazebrook  and  the  National  Physical 
Laboratory  inspected  gauges  during  the  War,  they  followed  this 
arrangement  :  namely,  tliat  they  paid  just  as  much  for  a  gauge 
which  was  potentially  worn  out,  as  for  a  gauge  which  had  a  full  life, 
for  the  whole  of  the  tolerance  on  the  gauge  was  applied  to  the  making 
of  the  gauge  and  nothing  whatever  was  allowed  for  wear.  They 
got  into  trouble,  and  the  time  would  come  when  they  would  have  to 
consider  the  tolerance  for  the  wear  of  a  gauge. 

With  regard  to  the  steps,  it  was  proposed  that  the  tolerances 
should  step  up,  as  Sir  Richard  Glazebrook  had  indie  ited,  by  equai 
increments.  That  seemed  to  him  to  work  in  the  following  manner. 
The  unit  for  buying  butter  in  a  poor  district  was,  say,  4  oz.  But 
the  man  who  bought  butter  wholesale  did  not  use  4  oz.  as  his  unit  ; 
he  dealt  in  large  quantities  and  used  a  unit  which  was  proportionate 
in  some  degree  to  the  quantity  that  he  was  handling.  The  Committee, 
however,  proposed  that  while  the  tolerance  was  small,  the  steps 
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should  be  sometimes  100  per  cent,  that  is,  if  they  started  with  a 
tolerance  of  |-/]  ,000,  which  most  of  the  members  knew  was  attainable 
with  the  modern  grinding  machine,  when  the  step  up  was  made 
the  next  tolerance  was  i/ 1,000.  That  was  quite  a  practicable  thing. 
But  for  large  diameters  the  proposal  was  that  they  should  also  step 
up  by  those  little  increments,  the  result  being  that  in  the  Report 
tlicre  were  something  like  100  or  150  different  tolerances,  when  most 
practical  men  got  along  very  well  with  four  or  five.  Those  who 
knew  him  and  his  business  were  aware  of  the  fact  that  he  was  not 
one  to  decry  the  value  of  mathematics,  because  in  his  business 
mathematics  were  used  as  much,  if  not  more,  as  in  any  branch  of 
engineering,  but  he  regarded  mathematics  as  a  means  to  an  end 
and  not  as  the  end  itself.  Personally,  therefore,  he  did  not  like  the 
idea  of  the  ranges  strictly  following  a  formula,  so  that  the  limit 
between  one  range  and  the  next  was  defined  by  3 '59,  or  some  odd 
figure  which  no  practical  man  could  remember.  He  wished  to 
disabuse  Sir  Richard  Glazebrook  of  the  idea  that  every  draughtsman 
who  was  worth  anything  spent  a  large  part  of  his  time  in  solving 
equations,  and  that,  if  he  decided  to  have  a  3-inch  Whitworth 
screw,  instead  of  looking  in  his  tables  or  searching  his  memory  to 
ascertain  whether  it  had  sixteen  threads  to  an  inch  or  not,  he  would 
solve  an  equation.  That  was  not  the  way  practical  work  was  done. 
Simple  tables  and  simple  figures  were  required.  A  formula  should 
be  used  in  arranging  a  series  of  standards  in  order  to  get  harmony 
and  proportion  in  the  series,  but,  having  done  that,  the  right  thing 
to  do  was  to  put  the  fornuila  in  an  Appendix  to  the  Report — to  bury 
it  if  they  liked — and  practical  men  would  then  forget  all  about  it. 

Mr.  Robert  Dumas  said  he  rose  to  support  very  largely  the  view 
that  had  been  put  forward  by  Mr.  Taylor,  at  any  rate,  in  so  far  as 
the  choice  of  the  unilateral  hole  was  concerned.  He  thought  the 
initiation  of  the  first  limit  system  was  brought  about  by  the 
theoretical  engineer,  to  whom  Mr.  Taylor  had  referred,  rather  than 
by  the  shop  man.  The  "  armchair  "  engineer  had  in  his  mind  the 
idea  that  he  wanted  to  get  the  hole  just  as  near  as  possible  to  the 
actual  standard  dimension,  and  knowing  that,  generally  speaking, 
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the  hole  was  a  little  larger  than  the  go-in  gauge,  he  decided  that  the 
go-in  end  of  the  gauge  should  be  a  little  smaller  than  the  standard 
size.  That  was  the  man,  he  thought,  that  had  to  be  blamed  for  all 
the  trouble  which  the  British  En^ineerins  Standards  Committee, 
and  the  engineering  industry  as  a  whole,  had  to  contend  with  at  the 
present  time  over  this  particular  question.  If  he  had  })een  content 
to  build  up  his  practice  upon  that  then  existing  in  the  shops,  he  was 
perfectly  satisfied  that  at  the  present  time  a  uniform  limit  gauge 
system  would  have  been  in  current  use  by  the  great  majority  of  the 
engineering  concerns  in  this  country.  Although  it  was  late,  he 
still  thought  engineers  ought  to  have  sufficient  courage  to  go  back 
and  to  build  up  their  limit  systems  on  the  unilateral  basis,  which 
ought  to  have  been  done  in  the  first  instance. 

It  seemed  reasonable  that  there  should  be  one  line  in  a  system  of 
limits  coincident  with  the  standard  dimension,  because  that  made 
clear  thinking  about  the  whole  system  so  much  more  easy,  and  not 
only  that,  but  it  made  the  dimensions  on  the  drawings  so  very  much 
more  informative,  since,  if  a  shaft  was  taken  for  a  running  fit  and 
the  maximum  dimension  of  it  was  taken,  it  was  always  known 
that  the  difierence  between  that  dimension  and  the  nominal  was 
the  minimum  running  clearance  provided  for.  This,  he  thought, 
was  of  value  both  to  the  draughtsman  and  to  the  people  in  the  shops 
who  were  using  the  system  of  limits.  In  the  present  days  of  mass 
production,  when  every  influence  was  generally  towards  the  deadening 
of  interest  in  work,  he  thought  it  was  necessary  to  put  matters  in 
such  away  into  the  hands  of  the  people  in  the  shops  that  they  might 
be  as  informative  as  possible,  so  that  the  men  would  take  a  real 
interest  in  and  know  what  they  were  doing.  From  that  psychological 
standpoint,  he  submitted  it  was  desirable  that  as  much  simplification 
as  possible  should  be  introduced  by  having  one  of  the  dimensions 
on  the  standard  line.  If  it  was  agreed  that  that  was  desirable, 
then  he  thought  the  balance  of  argument  was  decidedly  in  favour 
of  having  the  minimum  hole  as  the  nominal  dimension. 

With  regard  to  the  system  of  ranges  and  range  factors,  he  did 
not  feel  so  alarmed  as  Mr.  Taylor.  He  rather  looked  at  the  matter 
from  the  standpoint  that  it  was  desirable  that  they  should  have  as 
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big  a  tolerance  with  regard  to  any  particular  piece  of  work  as 
possible.  If  they  were  going  to  keep  the  tolerance  up  to  a  maximum, 
it  meant  that  that  tolerance  must  vary  by  small  increments  as  the 
diameter  varied.  If  a  particular  piece  of  work  was  being  dealt  with 
which  had  to  have  a  certain  kind  of  fit,  a  limit  gauge  was  required 
which  had  two  dimensions,  and  it  did  not  seem  to  him  to  matter 
very  materially  whetlier  those  two  dimensions  had  to  be  expressed 
by  three  or  four  figures  after  the  decimal  point.  If,  however,  it  was 
thought  there  were  too  many  steps  introduced  by  means  of  the  range 
and  range  factor  system,  he  thought  the  objections  might  fairly  well 
be  met  by  plotting  the  limit  lines,  as  given  exactly  by  the  formula 
originally  suggested  by  Mr.  Hedley  Thomson,  on  a  piece  of  paper 
on  which  various  limiting  lines  were  placed.  That  would  mean 
that,  for  certain  dimensions,  the  lines  given  exactly  by  the  formula 
would  be  shifted  a  little  bit  up  or  down,  but  would  give  practically 
the  same  result  from  a  workshop  standpoint.  It  would  then 
be  possible  to  limit  the  number  of  dimensions  used  to  steps 
varying  either  by  toI'Ioo  if^ch  or  t,voo?v  inch,  or  even  perhaps 
moiJTj  inch,  when  bigger  allowances  and  tolerances  were  being 
dealt  with.  He  thought  Mr.  Taylor's  point  could  fairly  well  be 
met  by  a  suggestion  of  that  character. 

With  regard  to  the  size  of  the  step  to  be  utilized,  he  supported 
Too(T?r  or  yjT^g^  inch,  in  view  of  the  very  simple  relation  which 
existed  between  those  dimensions  and  -,,^,0  mm.;  the  relation 
remained  sufficiently  exact  for  all  workshop  purposes  over  the 
range  of  dimensions  which  came  into  consideration  so  far  as 
tolerances  and  allowances  were  concerned. 

Mr.  Hedley  J.  Thomson  stated  that  his  connexion  with  the 
practical  application  of  limit  gauges  dated  from  1903  when  he  was 
sent  by  Sir  Charles  Parsons  to  Berlin  to  investigate  and  report  upon 
the  limit  system  in  use  at  the  works  of  Ludwig  Loewe  and  Co 
That  firm,  renowned  for  excellency  of  workmanship,  even  at  that 
date  used  limit  gauges  for  all  its  manufactures.  The  system  was  a 
bilateral  hole  basis  system.  His  subsequent  experience,  before 
accepting  the  position  of   Technical  Advisor  to  The  Newall  Co. 
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towards  tlie  end  of  1919,  covered  the  ])ractical  application  of  limit 
gauges  in  the  manufacture  of  agricultural  machinery,  steam- 
turbines,  automobile  and  aero  engines. 

Based  on  this  and  even  more  varied  experience  with  the  Newall 
Co.,  he  had  come  to  the  conclusion  that  it  was  practically  impossible 
for  any  one  person,  much  less  a  committee,  to  settle  satisfactorily 
what  particular  limits  should  be  used  in  any  particular  case,  without 
knowing  beforehand  all  the  special  conditions  obtaining,  and  that 
the  most  that  any  standard  system  could  provide  was  a  suitable 
series  of  limit  lines  supplemented  by  a  broad  indication  as  to  what 
results  under  ordinary  conditions  were  likely  to  be  achieved  by 
stated  combinations.  In  nearly  every  machine  certain  fits  must 
be  accurate,  and  therefore  it  was  impossible  to  divide  up  the 
grades  into  separate  sections  exclusively  applicable  to  different 
manufactures.  If  that  view  were  taken,  then  much  time  would 
be  saved  by  avoiding  unnecessary  and  lengthy  discussions  as  to  the 
exact  effect  of  fits. 

In  applying  limits  to  any  existing  manufacture,  he  had  found 
that  the  simplest  plan  was  to  measure  maximum  and  minimum 
clearances  of  fits  in  finished  products  passed  as  "  good  enough  " 
and  ready  for  sale.  Guided  by  the  relation  shown  on  Fig.  3,  namely, 
that  the  difference  between  the  maximum  and  minimum  clearance 
was  equal  to  the  sum  of  the  tolerances,  it  was  not  a  difficult  matter 
to  decide  upon  suitable  tolerances.  It  was  his  opinion  that  the 
present  B.E.S.A.  proposals  provided  a  sufficient  choice  of  limits  and 
tolerances  to  suit  almost  if  not  all  classes  of  engineering.  Figs.  4 
and  5  covered  the  complete  range  of  holes  and  shafts  embodied 
in  those  proposals.  Fig.  4  dealt  only  with  bilateral  holes  and  the 
shafts  to  pair  with  them,  while  Fig.  5  gave  values  of  range  or  limit 
deviation  factors  for  all  holes  and  shafts  whether  used  in  the 
bilateral  or  unilateral  arrangement.  It  could  be  seen  that  the  shafts 
were  so  arranged  in  relation  to  the  nominal  line  that  the  tolerances 
increased  as  the  deviation  increased,  and  that  round  about  the 
nominal  size,  where  accuracy  was  important,  the  tolerances  on  both 
hole  and  shaft  were  small. 

As  Sir  Richard  Glazel)rook  had  explaiiu'd  in  his  Thomas  Hawksley 
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Lecture,  it  had  been  found  possible  to  express  all  limits  which  grew 
in  proportion  to  the  square  root  of  the  diameter  in  terms  of  two 
quantities,  one  which  depended  on  the  diameter  and  a  second 
which  depended  upon  the  deviation  or  variation  from  the  nominal 
size  of  the  particular  limit  under  consideration.  Thus  there  was 
a  "  size  factor  "'  "  in  "  and  a  "  range  "  or  "  limit  deviation  factor  ' 
"  r  ",  the  actual  limit  value  being  proportionate  to  the  product ''  mr.'' 
Values  of  "  m  "  had  been  tabulated,  but  reference  to  tables  was 
not  always  necessary,  as  "  m  "  could  be  quickly  calculated  mentally 
by  anyone  with  a  knowledge  of  the  multiplication  table.*  It  would 
be  quite  clear  from  the  method  that  Fig.  5  gave  the  relative 
values  of  all  limits  irrespective  of  nominal  size,  and  therefore"  that 
that  diagram  was  universally  applicable  regardless  of  dimensions. 
Tables  constructed  on  this  plan  could  be  reduced  to  a  very  simple 
form  and  could  be  easily  extended  by  regular  rule  to  any  size. 

The  objection  that  the  method  introduced  four  places  of  decimals 
into  many  of  the  limit  values  was,  in  his  opinion,  of  small  conse- 
quence. That  could  not  be  avoided  if  the  same  basic  system  was  to 
be  used  for  both  inches  and  millimetres,  and  moreover  it  was 
maintained  that  no  sound  system  covering  all  classes  of  engineering 
could  be  devised  which  did  not  carry  dimensions  to  the  fourth  place 
in  respect  of  many  of  the  limits,  in  so  far  as  those  applied  to  the 
gauges.  While  it  was  granted  that  it  was  practically  impossible  to 
read  a  micrometer  to  the  fourth  place,  there  would  always  be 
a  dimension  between  the  limits  that  could  be  read  when  the  use  of 
a  micrometer  was  essential. 

To  exemplify  his  previous  statement  that  the  standards  should 
be  put  out  merely  to  establish  limit  lines  with  broad  indications  as 
to  the  probable  effect  of  fits  and  that  users  should  make  their  own 
selections  from  the  proposed  limits,  he  put  forward  Fig.  6  illustrating 

*  If  D  =  nominal  size  in  inches;   "  m"  is  such  that  :  — 
m(m  -  1)  7  20  D  ^  (7W  -  1)  (m  -  2). 
Thus  if  D  =  2i ;  20  D  =  50  and  m  =  8,  because 
8x77  50  77x6. 
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the  particular  selections  made  by  Messrs.  Aveling  and  Porter  for 
the  application  of  the  B.E.S.A.  proposals  to  10-ton  road  roller 
manufacture.  He  wished  to  call  special  attention  to  the  fact  that 
for  the  majority  of  the  work  the  hole  limits  used  were  the  Y  limits, 
having  a  tolerance  equal  to  double  the  proposed  normal  hole  tolerance 
referred  to  in  the  Thomas  Hawksley  Lecture,  and  that  a  large 
proportion  of  the  shafts  were  to  Q  limits.  Pairing  a  "  Q  "  shaft 
with  a  Y  hole  for  a  YQ  fit  was  found  to  give  better  results  than  were 
actually  being  obtained  on  finished  products  without  limit  gauges 
ill  the  case  of  many  non-rotative  fits.  Further,  in  tlie  case  of  running 
fits  the  clearances  required  were  so  large  that  T  shafts  occurred  more 
frequently  than  K  shafts,  which  in  the  ordinary  way  would  give 
a  good  running  fit. 

He  also  pointed  out  that,  whereas  taken  as  a  whole  the  system 
installed  was  described  as  a  bilateral  system,  it  was  found  necessary 
in  certain  cases  to  use  the  U  hole.  That  was  evidence  that,  despite 
the  raging  controversy  as  to  bilateral  and  unilateral  holes,  both 
were  necessary  in  any  general  system.  He  mentioned  that  a  complete 
set  of  gauges  to  the  limits  shown  in  Fig.  6  had  been  in  successful 
operation  at  the  works  of  Messrs.  Aveling  and  Porter  for  over  a  year. 
This  was  proof  of  the  suitability  of  these  limits  for  one  class  of 
manufacture  on  the  bilateral  basis.  Approval  of  the  proposals  when 
applied  on  the  unilateral  basis  had  been  obtained  from  the 
Metropolitan  Electric  Vickers  Co.,  who  had  thoroughly  investigated 
the  proposals,  with  the  result  that  that  Company  was  ready  at  once 
to  install  the  unilateral  scheme  immediately  the  limits  were  officially 
accepted  as  standard.  Although  at  that  works  the  system  installed 
would  be  on  the  imilateral  basis,  there  would  nevertheless  be  many 
cases  where  bilateral  holes  would  enter  the  scheme. 

The  question  that  had  raised  so  much  controversy  was  whether 
the  bilateral  or  the  unilateral  should  be  adopted  as  standard. 
Although  personally  responsible  for  the  suggested  compromise  by 
which  both  systems  could  be  put  forward  with  a  common  shaft 
series,  he  had  always  been  of  the  opinion  that,  taking  all  things  into 
account,  the  balance  of  the  advantages  was  in  favour  of  the 
bilateral  scheme.   In  view,  therefore,  of  the  recent  resolution  of  the 
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majority  on  the  Limit  Gauges  Panel,  he  welcomed  the  present 
opportunity  to  advance  a  few  arguments  in  support  of  his  view 
that  standards  for  bilateral  users  should  be  included. 

He  stated  that  two  things  could  happen  in  making  holes 
controlled  by  unilateral  plug  limit  gauges.  Either  the  workman 
would  keep  to  the  "  go  "  size  in  his  endeavour  to  make  a  standard 
size  hole,  and  would  thus  not  take  due  advantage  of  the  tolerance, 
or,  if  he  did  use  the  full  tolerance,  his  hole  would  be  twice  as  far 
from  the  standard  size  as  it  would  have  been  if  controlled  by  a  gauge 
with  a  minus  "  go  "  size  having  its  tolerance  straddling  the  zero 
line  by  an  equal  amount  on  each  side.  Thus  unilateral  limits  would 
make  for  greater  labour  cost  than  necessary,  and  would  tend  towards 
undue  wear  of  plug  gauges. 

Reference  was  made  to  comparisons  shown  on  Fig.  7,  where 
it  was  seen  that  the  actual  tolerances  proposed  for  the  X  hole  agreed 
very  closely  with  those  adopted  by  Johansson,  though  the  latter's 
values  did  not  grow  with  capacity  for  extension  to  large  sizes  in 
accordance  with  any  regular  law  like  that  on  which  the  Committee's 
proposals  were  based. 

Turning  now  to  the  Newall  limits,  it  would  be  seen  that  the  ])roposcd 
N  hole  lay  within  limits  for  the  most  part  just  outside  the  existing 
Newall  "  B  "  hole  limits,  so  that  work  made  to  the  Newall  "  B  " 
limits  would  be  acceptable  when  N  limits  were  specified.  Then  again, 
with  regard  to  the  Newall  "  A  "  hole  and  the  proposed  X  hole  limits, 
it  would  be  seen  that  for  the  most  part  the  Newall  "  A  "  limits, 
both  high  and  low,  were  slightly  plus  as  compared  with  the  proposed 
X  limits,  and  that  on  the  high  side  the  maximum  difference  was 
of  the  order  of  to  loir  ^^^  ^^at  only  in  the  case  of  gauges  over 
5-inches  nominal  size.  AVhile  the  Newall  "A"  "  go  "  size,  was  slightly 
greater  than  the  X  "  go  "  size,  wear  or  deliberate  lapping  would 
soon  reduce  the  gauge  to  the  X  limits.  It  was  safe  to  say  that, 
except  in  the  case  of  very  special  fits,  it  would  be  practically  possible 
to  utilize  the  proposed  X  limits  immediately  in  substitution  for  the 
Newall  "  A  "  limits. 

The  two  existing  systems  of  limit  gauges  in  use  in  this  country 
were  the  Newall  and  the  Johansson,  chiefly  the  Newall,  and  apart 
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from  other  considerations  it  would  seem  to  be  a  mistake  to  ignore 
the  grip  the  Newall  system  had  upon  the  country,  in  the  establishment 
of  new  standards  to  which  existing  Newall  gauges  could  not  be  made 
to  conform.  That  would  be  the  condition  that  would  arise  if  the 
unilateral  scheme  alone  were  made  standard,  for  the  simple  reason 
that,  while  it  was  possible  to  reduce  the  size  of  a  plug  gauge,  it  was 
not  economically  possible  to  increase  it  by  a  small  amount.  It  had 
been  stated  that  exponents  of  the  Newall  system  were  defeating 
their  own  arguments  by  supporting  a  system  that  introduced  any 
departure  whatever  from  Newall.  For  many  years  past  the  wants 
and  limitations  of  the  Newall  system  had  been  recognized,  and  he 
believed  that  there  would  be  little  difldculty  in  persuading  the  many 
users  of  the  Newall  system  to  change  over  gradually  to  the  proposed 
improved  bilateral  scheme.  To  expect,  however,  that  the  many 
thousands  of  Newall  hole  gauges  throughout  the  country  should  be 
scrapped  was  expecting  too  much,  and  he  felt  certain  that,  if  the 
unilateral  scheme  alone  were  put  forward,  present  followers  of  Newall 
would  ignore  the  work  of  the  Association  altogether.  Then  again, 
for  all  firms  with  established  practice  the  great  expense  and  risk 
of  having  to  alter  drawings,  to  keep  two  sets  of  records  and  two 
standards  of  tools  and  gauges,  to  say  nothing  of  two  series  of  spares, 
during  a  long  transition  period,  would  be  altogether  prohibitive. 

Turning  to  another  commerical  aspect  of  the  question,  the  value 
of  solid  reamers  in  the  various  tool  rooms  throughout  the  country 
must  exceed  many  tens  of  thousands  of  pounds,  and  at  a  time  when 
economy  should  be  encouraged,  it  would  surely  be  unwise  to  ask 
that  those  should  be  scrapped  immediately  they  began  to  cut  a 
hole  a  fraction  below  the  nominal  size.  It  was  true  that  if  it  were 
possible  to  arrange  that  reamers  should  be  issued  by  their  makers 
with  a  starting  size  well  above  the  nominal,  so  as  to  take  full 
advantage  of  the  unilateral  tolerance,  the  reamer  effect  on  the 
problem  would  be  negligible  in  so  far  as  the  future  was  concerned, 
but  surely  it  was  not  necessary  to  change  the  whole  reamer  practice 
merely  because  a  new  system  of  limits  was  being  introduced.  The 
same  reasoning  applied,  though  perhaps  to  q,  less  extent,  in  the 
matter  of  broaches  and  mandrels, 
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Another  argument  in  support  of  the  bilateral  scheme  was  that 
it  made  for  simplicity  in  arranging  a  scheme  of  limits  to  suit  different 
grades  or  qualities  of  workmanship.  This  was  explained  by  reference 
to  Fig.  6  (page  493),  where  it  was  pointed  out  that  the  difference 
between  the  maximum  P  shaft  and  the  minimum  X  hole  was  equal 
to  the  difference  between  the  maximum  Q  shaft  and  the  minimum 
Y  hole,  so  that  for  coarse  work  the  tightest  fit  that  could  be  obtained 
with  a  YQ  fit  would  be  no  tighter  than  the  tightest  fit  with  an  XP 
fit,  while  the  maximum  clearance  of  the  YQ  fit  would  be  exactly 
twice  that  with  the  XP  fit.  Thus  the  YQ  fit  could  be  used  for  many 
non-rotative  fits  in  coarse  work,  whereas  for  such  fits  the  XP 
combination  would  be  necessary  for  finer  work.  This  result  was 
possible  because  when  the  hole  limits  straddled  the  zero  line,  the 
low  limit  receded  from  that  line  as  the  grade  of  work  became  coarser, 
and  in  so  doing  came  into  the  neighbourhood  of  coarser  shafts 
with  which  it  should  be  paired  to  maintain  the  same  average  grade 
or  quality  for  both  holes  and  shafts.  This  device  was  not  possible 
with  the  unilateral  scheme,  because  all  holes  had  their  common 
Ipw  limit  on  the  nominal  line,  and  in  consequence  the  grading  of 
shafts  to  suit  the  unilateral  basis  was  not  so  satisfactory  as  for  the 
bilateral  basis. 

The  final  argument  in  favour  of  the  provision  in  the  standards 
for  bilateral  users  was  that  by  making  that  provision  the  B.E.S.A. 
would  go  a  long  way  towards  ensuring  the  adoption  and  success 
of  its  recommendations.  It  should  be  recognized  that  whichever 
system  might  be  thought  to  possess  a  preponderance  of  advantages, 
resort  would  have  to  be  made  to  the  other  on  occasions.  He  therefore 
suggested  that  the  whole  controversy  should  be  dropped  entirely 
and  the  compromise  adopted  at  once,  so  that  the  bar  to  progress 
would  be  removed  with  the  certain  knowledge  that  there  would  be 
agreement  in  regard  to  a  very  large  proportion  of  the  limits,  notation, 
and  gauges  in  use  throughout  the  country. 

Before  concluding,  he  wished  to  make  a  few  remarks  in  reference 
to  transition  and  interference  fits.  It  had  been  suggested  by  some 
that  transition,  and  even  so-called  push  fits,  should  be  altogether 
omittpcl   from  the  tables.     Iff  did   not  agreo  with  this  suggestion 


and  mentioned  that  the  XK  tit,  which  equalled  the  UC  fit,  styled 
'•  medium   keying  "—midway   in   the   so-called   transition    group, 
was  practically  identical  with  the  so-called  keying  or  "  festsitzen  " 
fit  of  the  Loewe  system,  which  had  been  in  use  for  about  twenty 
years.  No  difficulty  in  ordinary  work  would  be  encountered  with  that 
fit,  particularly  when  limit  gauges,  properly  appUed,  were  used  to 
control  the  hole  and  shaft  dimensions.     The  present  opportunity 
should  be  taken  to  state  that  too  much  stress  could  not  be  laid 
on  the  importance  of  insisting  that  actual  limit  gauges  should  be 
used  by  operators  in  producing  work  to  the  specified  limits.   It  was 
too  late  when  the  work  reached  the  inspection  room.    It  was  true 
that  for  many  shaft  dimensions  the  use  of  micrometers  was  desirable, 
but  for  best  results  they  should  always  be  used  in  conjunction  with 
a  controlling  limit  gauge.     Placing  limit  values  on  the  drawing^ 
and     leaving    it    at    that    was     insufficient    where     maximum 
economy  was  required,  and   never  ensured   that   certainty  as  to 
interchangeability   possible  with  limit  gauges   properly  controlled 

as  to  size. 

Returning  to  the  question  of  interference  fits,  it  would  appear 
that  those  to  a  large  extent  must  be  treated  on  their  merits,  although 
provision  should  be  made  in  the  tables  for  certain  oversize  shafts, 
from  which  selections  could  be  made  to  suit  requirements.  Records 
of  press  fits  indicated  that  in  the  majority  of  cases  the  obstruction 
might  become  excessive  for  large  sizes  if  made  to  increase  directly 
as  the  diameter.* 

He  could  only  hope  that  the  result  of  the  Meeting  would  be  to 
crystallize  ideas,  so  that  at  long  last  a  national  system  of  Umit 
gauging  might  be  inexpensively  introduced,  with  permanent 
benefit  to  the  whole  engineering  industry. 

Dr.  P.  G.  Agnew  (Secretary  of  the  American  Engineering 
Standards  Committee)  gave  two  pieces  of  information  with  regard 
to  the  American  work  which,  he  thought,  might  be  of  interest  to  the 
members.    First,  it  was  now  practically  the  universal  custom  in 

♦  Journal,  Am.  Soc.  M.E.,  1913,  vol.  35,  page  819, 
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America  to  use  the  hole  as  the  basis.  Second,  there  was  a  very 
strong  tendency  towards  the  unilateral  system,  or  as  Colonel  Peck, 
the  Chairman  of  their  Sectional  Committee,  had  put  it,  towards 
making  the  main  dimension  on  the  drawing  represent  maximum 
metal.  He  thanked  the  Institution  very  much  for  the  opportunity 
of  joining  in  the  discussion. 

Mr.  A.  E.  Berrimax,  O.B.E.,  said  the  one  real  fact  in  the  present 
situation  was  that  the  British  Engineering  Standards  Association's 
Committee  was  agreed  to  recommend  that  the  hole  should  be  the 
nominal  size.  It  had  been  widely  assumed  that  the  next  question 
to  be  answered  was  whether  the  tolerance  on  the  hole  should  be 
unilateral  or  bilateral,  but  he  suggested  that  the  next  step  ought  to 
be  to  standardize  a  system  of  shafts.  He  was  of  opinion  that  a 
rational  basis  for  such  a  system  existed,  and  that  Mr.  Hediey 
Thomson's  development  of  it  was  reasonable  enough  to  form  the 
basis  of  a  good  standard.  The  true  significance  of  the  unilateral  or 
bilateral  tolerance  on  the  hole  was  much  more  readily  appreciated 
in  the  light  of  an  existing  system  of  shafts,  and  he  doubted  whether 
the  difference  was  sufficient  actually  to  declass  a  fit  in  the  majority 
of  practical  cases.  The  arguments  in  favour  of  both  systems  had 
been  logical  and  lengthy,  but  they  had  served  only  to  disclose  the 
hypothetical  character  of  their  premises.  Personally,  he  inclined 
to  the  logic  of  the  imilaterals,  but  he  respected  his  own  reason 
sufficiently  to  admit  that  his  bilateral  friends  had  a  very  strong  case. 
A  vote  on  this  question  might  yield  a  majority,  but  would  not  carry 
conviction,  and  he  thought  the  interests  of  engineering  were  likely 
to  be  served  better  by  legislating  for  both  parties  and,  if  necessary, 
recording  a  majority  recommendation  in  favour  of  one,  rather  than 
by  making  one  system  only  the  exclusive  standard  and  thereby 
alienating  the  support  of  the  opposition. 

Under  Mr.  Hediey  Thomson's  system,  a  2-inch  "  Q  "  shaft  had 
the  same  absolute  dimensions  everjrwhere,  and  the  question  whether 
its  combination  with  a  2-inch  "  X  "  hole  produced  a  significantly 
different  fit  to  its  combination  with  a  2-inch  "  U  "  hole  was  very 
much  a  matter  of  experience  on  the  particular  job.     In  his  opinion 
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the  naming  of  different  classes  of  fits  had  interfered  somewhat  too 
much  in  the  question  of  limits.  Paraphrasing  an  old  adage,  he  was 
almost  inclined  to  say  :  If  the  B.E.S.A.  takes  care  of  the  limits,  the 
fits  will  take  care  of  themselves. 

Mr.  Max  R.  Lawrence  said  he  was  strongly  in  favour  of  the 
unilateral  system  because  he  had  found  that  one  of  the  chief 
difficulties  in  dealing  with  tolerances  was  deciding  and  recording  on 
drawings  of  fits  which  had  to  depart  from  standard,  and  where  a 
number  of  pieces  had  to  be  assembled  and  an  over-all  fit  attained. 
With  the  bilateral  system,  the  amount  when  ascertained  had  to  be 
halved  and  half  the  amount  added  to  or  subtracted  from  the  name 
dimension.  This  made  clear  thinking  more  difficult.  With  the 
unilateral  method  the  size  of  the  shaft  of  the  whole  could  be  fixed  at 
the  finest  possible  clearance,  and  then  the  tolerance  figured  in  the 
direction  of  wear,  that  is,  plus  for  a  hole  and  minus  for  the  shaft. 

In  figuring  these  tolerances,  due  regard  must  be  taken  of  the 
method  of  manufacture  and  value  of  the  pieces.  In  some  instances 
all  or  nearly  all  the  tolerance  should  be  given  to  the  most  difficult 
or  expensive  part.  Take,  for  example,  an  automobile  piston  and 
cylinder  fit.  It  was  ascertained  that  the  minimum  clearance  was 
2h  and  maximum  3|  thousandths.  Both  parts  were  finished  by 
grinding,  so  +  O'OOl  was  given  to  the  cylinder  and  —  0*0005  to  the 
])iston.  With  the  bilateral  system,  this  would  be  very  cumbersome 
to  express,  and,  further,  when  this  fit  came  to  be  measured,  sav 
with  a  feeler  gauge  in  the  shop,  quite  a  large  amount  of  arithmetic 
had  to  be  done  before  the  information  was  got  from  the  drawinw. 

Mr.  C.  le  Maistre,  C.B.E.  (Secretary,  British  Engineering 
Standards  Association),  said  he  appreciated  very  much  the 
opportunity  of  being  periuitted  to  join  in  the  discussion,  but  as 
Secretary  of  the  Association  he  could  naturally  express  no  opinion. 
A  number  of  points,  it  seemed  to  him,  of  great  importance  had  not 
so  far  been  dealt  with  in  the  course  of  the  discussion,  but  probably 
that  was  because  they  did  not  enter  quite  so  much  into  the  technical 
side  of  the  question  as  the  human.     Standardization  was  about 
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15  per  cent  technical,  the  rest  was  hiiman.  Tt  was  comparatively 
easy  to  set  up  a  standard,  but  enormously  difficult  to  get  it  adopted. 
The  sole  object  of  the  Association  was  to  assist  industry  to  unify 
its  requirements,  and  industrial  standardization  could  only  be 
arrived  at  as  a  matter  of  compromise,  and  was  not  a  question  of  vote. 
Indeed,  if  it  was  put  to  the  vote  and  carried  by  a  small  majority, 
the  Association  could  probably  adopt  only  one  course,  namelv, 
to  wait  until  the  majority  was  larger. 

A  number  of  points  in  connexion  with  how  the  question  was  to 
be  approached  .were  of  importance.  Was  it  to  be  approached  from 
the  point  of  view  of  national  interest  with  a  view  of  trying  to  attain 
some  measure  of  national  interchangeability  ?  Were  they  to 
endeavour  to  unify  the  needs  of  a  certain  number  of  firms  at  present 
using  some  system  of  limit  gauging,  or  to  consider  the  far  larger 
number  who  used  none  ?  If  the  question  was  to  be  approached 
from  the  point  of  view  of  the  work,  was  it  not  necessary  in  order  to 
unify  the  needs  of  the  industry,  as  had  been  done  in  many  other  cases, 
to  inquire  from  the  industry  what  its  present  practice  was  with 
regard  to  tolerances  for  the  particular  work  they  were  engaged  upon  '( 
The  interest  in  the  subject  was  growing  at  a  tremendous  rate,  and 
he  felt  that,  before  the  Association  could  make  further  progress, 
it  would  be  advisable  again  to  consult  the  industry.  The  question 
as  to  the  form  the  report  should  take  had  been  very  ably  advocated 
by  Mr.  Taylor,  with,  he  was  perfectly  sure,  the  very  kindest  motives  ; 
moreover,  he  did  not  think  more  self-sacrificing  labour  or  keener 
interest  had  been  taken  in  any  work  of  the  Association  than  in  that 
connected  with  this  question  of  limits. 

Major  P.  Bishop,  A.I.D.,  said  that  he  favoured  the  unilateral 
system  on  account  of  its  convenient  application  to  a  system  of 
recording  the  limits  in  which  he  was  interested.  Before  dealing  with 
that  subject,  however,  he  would  like  to  have  an  explanation  from 
Sir  Richard  Glazebrook  as  to  the  definition  of  the  system  in  the  case 
of  force  and  push-fits  where  interference  occurred.  He  imagined  that 
in  such  cases  a  bilateral  limit  was  necessary  for  one  of  the  elements, 
either  male  or  female.     The  svstem  to  which  he  referred  was  that 
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adopted  by  the  Britisli  Engineering  Standards  Association  (Report 
No.  84)  in  connexion  with  screw-threads,  and  was  known  as  the 
"  Grade  and  Play  "  system.  He  could  not  see  why  that  system  could 
not  be  applied  to  ordinary  cylindrical  diameters  with  advantage 
as  well  as  to  the  complicated  diameters  of  screw-threads  whicli 
involved  several  elements,  all  of  which  had  some  independent 
relation  to  each  other.  The  use  of  curves  and  voluminous  tables 
for  recording  limits  on  various  diameters  for  certain  fits  was  very 
frightening  to  those  in  the  workshops  and  drawing  offices,  and  in 
no  case  could  anyone  memorize  or  determine  quickly  the  particular 
tolerances  or  limits  required.  A  few  years'  experience  of  the 
"  Grade  and  Play  "  system  had  been  obtained,  and  throughout  the 
country  the  limits  of  screw-threads  could  now  be  memorized  without 
any  reference  to  a  table  at  all.  The  system  was  also  specially 
applicable  to  shadow  measuring,  which  had  certain  advantages  for 
precision  and  repetition  work. 

Sir  Pilchard  Glazebrook,  in  his  opening  remarks,  had  stated  that 
there  was  a  tendency  to  define  tolerances  for  work  only,  no  mention 
being  made  of  allowances.  He  did  not  gather  quite  what  was 
meant  by  that,  because  if  the  allowance  were  missed  out,  the 
tolerances  required  for  the  gauges  would  have  to  be  robbed  from 
the  work  tolerance,  which,  although  quite  right  for  workshoj) 
gauges,  could  not  be  done  in  the  case  of  inspection  gauges  for  lega 
reasons. 

With  regard  to  the  subject  of  steps  and  ranges,  for  the  reason 
he  had  already  mentioned  he  would  prefer  to  see  the  unit  step 
one-thousandth  instead  of  half-a-thousandth  with  ranges  in  even 
inches,  but  admitted  this  was  a  biased  opinion  from  the  point  of 
view  to  which  he  had  already  referred. 

Mr.  Richard  W.  Allen,  C.B.E.  (Member  of  Council),  said  he 
thought  the  discussion  on  the  question  of  the  use  of  the  unilateral 
versus  the  bilateral  system  had  been  a  most  interesting  one.  Most 
of  the  speaker.s  had  dealt  with  the  question  from  their  own  point  ot 
view,  but  he  was  particularly  glad  to  hear  Mr.  le  Maistre's  remarks, 
because  he  thought  that  gentleman   liad   touched   the  right  spot, 
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namely,  the  human  element.  Those  people  who  employed  limit 
gauges  on  either  one  system  or  the  other  would  obviously  say  that 
whatever  system  they  had  adopted  was  the  better  of  the  two  ;  that 
was  only  human  nature.  Mr.  Hedley  Thomson  had  stated  that  he  went 
to  Berlin  in  1903  to  study  the  Ludwig  Loewe  system  He  (Mr.  Allen) 
also  went  to  Berlin  about  twenty-two  years  ago  and  studied  the 
same  system  of  limit  gauging,  and  so  satisfied  was  he  with  it  that 
his  company  adopted  their  system  of  bilateral  limit  gauges,  and  had 
used  it  ever  since.  Many  of  the  speakers  had  referred  to  the  obj  ections 
to  it,  and  one  in  particular  mentioned  the  question  of  the  drawings. 
He  could  assure  the  members  that  there  was  no  objection  to  the 
system  from  that  point  of  view.  The  draughtsman  simply  put  on 
the  drawings  whether  it  was  a  running  fit  or  hydraulic  fit,  or  any 
other  kind  of  fit,  and,  from  a  practical  point  of  view,  the  work  as 
turned  out  by  the  bilateral  system  was  equal  to  that  turned  out 
1)V  the  unilateral  or  any  other  system,  provided  the  limits  were 
right. 

He  agreed  with  Mr.  le  Maistre  that  the  question  should  never 
be  put  to  the  vote  ;  in  his  opinion  it  would  be  dividing  the 
manufacturers  of  the  country,  and  would  be  quite  a  wrong  thing 
to  do.  He  viewed  the  question  very  largely  from  the  point  of  view 
put  before  engineers  some  years  ago  as  to  whether  they  should  change 
from  the  Whitworth  system  to  the  metric.  That  evoked  tremendous 
discussion  in  the  country,  and  the  same  state  of  affairs  would  occur 
if  large  firms,  which  had  adopted  the  bilateral  system,  and  had 
machinery  made  by  them  all  over  the  world,  were  asked  to  change 
to  the  unilateral  system.  They  could  not  possibly  afford  to  change. 
Spare  parts  and  such  like  had  been  produced,  and  they  could  not 
run  the  risk  of  using  another  set  of  gauges.  No  one  company  was 
big  enough  to  say  that  it  would  change  over,  when  it  bore  in  mind 
the  enormous  capital  outlay  involved  and  the  consequent  confusion 
arising  in  installing  new  limit  gauges.  There  was  a  great  number  of 
sizes,  from  1  inch  up  to,  in  many  works,  3  feet  or  4  feet,  varying  by 
^  inch,  and  each  size  comprising  no  less  than  six  gauges.  From 
that  point  of  view  he  was  particularly  glad  to  hear  Mr.  le  Maistre's 
remarks,    because    he  was  very  nervous   when  he  saw    so    many 
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supporters  of  the  unilateral  system  coming  forward.  He  viewed  the 
question  in  a  very  different  light  from  the  recommendation  of  the 
British  Engineering  Standards  Committee  in  regard  to  keyways, 
which  simply  involved  the  alteration  of  the  keyways,  but  to  change 
one's  whole  system  of  dimensions  was  like  reconstructing  the  whole 
of  the  business.  He  desired,  however,  to  say  in  conclusion  that  if 
his  firm  had  not  adopted  the  bilateral  system,  they  would  probably 
have  adopted  the  unilateral  system. 

Mr.  T.  W.  Cooper  said  he  was  exceedingly  pleased,  like  the  last 
speaker,  that  the  human  element  had  been  brought  into  the  question. 
The  Hoffmann  Manufacturing  Co.,  which  he  represented,  adopted 
originally  the  bilateral  system  for  the  making  of  bearings.  They  did 
so  for  the  reason  that  they  felt  it  was  necessary,  in  manufacturing  a 
hole  or  a  diameter,  to  get  as  near  to  it  as  possible,  and  they  thought 
they  could  do  that  better  by  disposing  the  tolerances  on  either  side 
of  the  nominal  dimension.  The  members  could  easily  imagine  the 
number  of  gauges  that  his  firm  had  at  the  present  moment,  not  only 
in  the  course  of  construction,  but  actually  in  use,  and  what  it  would 
mean  for  them  to  change  over  from  the  bilateral  to  the  unilateral 
system.  He  quite  appreciated,  from  the  other  point  of  view,  the 
advantage  of  having  the  tolerances  opposed  on  either  side  of  the 
nominal  when  it  came  to  reckoning  up  the  amount  of  clearance  it 
should  have,  but  apart  from  that  he  saw  very  little  in  it. 

Major  Andrew  A.  Koss,  O.B.E.,  said  that  at  an  early  stage 
of  the  War  he  was  instructed,  as  the  representative  of  a  Government 
Department,  to  visit  a  large  number  of  manufacturers  with  the 
object  of  seeing  if  it  was  possible  to  ensure  standardized  production 
of  interchangeable  aircraft  engines  and  spares.  He  was  told,  if 
possible,  to  try  and  encourage  contractors  to  adopt  the  Engineering 
Standards  Committee's  system,  but,  after  visiting  many  contractors 
who  were  manufacturing  engines,  or  parts  of  engines  and  accessories, 
he  found,  generally  speaking,  that  practically  none  of  them  were 
using  the  Engineering  Standards  Committee's  limit  system. 

The   system    greatly  in    favour  was  a  bilateral  one,  and    on 
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inquiring  why  the  manufacturers — many  of  whom  were  Government 
contractors  of  long  standing — were  not  using  the  Engineering 
Standards  system,  he  was  told  that  this  system  was  not  applicable 
to  modern  engineering  work,  but  only  to  the  heavy  or  marine  type 
practice,  and  was  not  at  all  suitable  for  the  class  of  work  where 
grinding  machines  replaced  the  older  methods  of  manufacture.  The 
old  Engineering  Standards  system  only  dealt  with  running  fits,  and 
did  not  deal  with  the  most  important  fits  which  were  now  known 
as  "  transition  "  fits,  and  for  interchangeable  work  with  large 
quantity  production  some  new  system  was  therefore  necessary.  The 
bilateral  system  which  was  mostly  favoured  was  that  known  as  the 
Newall  system,  but  that  system  had  many  defects  in  regard  to 
transition  fits.  Nearly  every  contractor  in  the  course  of  time  had 
graduallv  altered  the  Newall  system  by  modifying  the  transition 
fits  to  suit  his  own  particular  class  of  work  or  method  of  working. 

As  a  result  of  these  inquiries  he  became  a  rabid  bilateralist,  but 
as  time  went  on,  however,  he  had  to  deal  with  other  contractors  who 
were  turning  out  excellent  interchangeable  work  on  the  unilateral 
system.  The  Government  Dopartmonts  concerned  wore  largely  in 
the  hands  of  the  designer  with  regard  to  what  system  ought  to  be  used 
on  the  standard  drawings.  As  far  as  possible  they  were  using  the 
bilateral  system  on  their  own  drawings,  but  they  had  to  adopt,  in 
some  cases,  the  unilateral  system,  so  that  before  the  end  of  hostilities 
these  Departments  had  a  very  wide  experience  of  the  result  of 
manufacturers  using  both  systems.  After  considering  both  sides, 
he  was  very  much  in  agreement  with  Mr.  Berriman  that  it  was  six 
of  one  and  half-a-dozen  of  the  other  in  favour  of  which  particular 
system  should  be  adopted  ;  there  was  very  little  to  choose  between 
them  from  the  results  in  producing  interchangeable  manufacture. 

In  discussing,  during  his  %asits  to  various  manufacturers,  the 
possibility  of  adopting  a  standard  system,  he  was  informed  that  it 
had  been  impossible  to  adopt  the  old  Engineering  Standards  system, 
owing  to  commercial  considerations,  affecting  particularly  the  gauges 
and  methods  which  had  been  installed  in  the  works  ;  so  that  ten 
or  fifteen  years  might  elapse  before  a  system  became  standard,  even 
if  it  could  be  generally  adopted.     If  it  could  not  be  generally  adopted 
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it  would  be  ignored.  If  it  was  desired,  therefore,  to  give  some  lead 
to  the  industry,  the  recommendations  must  be  such  that  they  could 
be  generally  adopted  and  with  a  standard  system  of  limits  for 
interchangeable  work  the  main  object  of  standardization  must  be 
clearly  visualized — that  is,  a  user  desiring  to  order  a  particular 
article  to  fit  in  with  his  own  production  or  equipment  should  know 
to  within  what  dimensional  limits  he  might  expect  that  part  to  be 
delivered.  If,  without  asking  for  detailed  drawings,  an  arrangement 
could  be  instituted  so  that  all  parts  were  manufactured  to  "  such  " 
and  '■'  such  "  a  system,  the  manufacturer  would  be  quite  satisfied. 
In  the  past,  contractors  and  the  Government  were  satisfied  that 
engine  parts  should  be  manufactured  to  the  Xewall  system.  As  it 
was  impossible  to  get  the  manufacturers  of  the  country  to  agree  to 
one  particular  system,  because  of  the  personal  elements  that  had 
already  been  mentioned  by  other  speakers,  it  seemed  desirable 
to  try  and  arrive  at  a  compromise  such  as  had  been  put  forward  so 
ably  by  Mr.  Hedley  Thomson ;  and  provided  both  systems — namely, 
one  standard  system  of  shafts  with  two  systems  of  holes — were 
clearly  known  to  the  whole  of  the  industry,  it  seemed  to  him  that 
the  immediate  requirements  of  standardization  could  be  met. 

Colonel  R.  E.  B.  Cromptox,  C.B.,  R.E.  (T.),  said  that  he  had 
been  dealing  with  the  question  of  limit  gauges  for  seventeen  years, 
and  he  hoped  he  would  see  some  settlement  of  the  question  before 
he  died.  Personally  he  thought  it  would  be  wrong  to«take  a  vote 
on  the  subject  ;  he  thought  it  would  be  far  better  if  a  compromise 
could  be  arranged,  and  efforts  were  now  being  made  in  that  direction. 
He  thought  that  a  workable  compromise  could  be  brought  about, 
and  he  was  sure  the  point  of  view  Mr.  le  Maistre  had  put  forward 
was  the  correct  one.  It  was  necessary  to  consider  the  trade,  and 
to  feel  their  way  if  the  members  wanted  to  see  some  standardization 
of  limits  brought  about. 

Mr.  Herbert  Carpenter  said  it  seemed  to  him  that  the 
British  Engineering  Standards  Association  were  a  little  late  in  the 
recommendations  they  had  made.     In  his  opinion  they  ought  either 
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to  have  brought  up  the  subject  early  in  the  War,  when  so  many 
different  firms  were  making  the  same  interchangeable  parts,  or 
to  have  spent  more  time  in  standardizing  work  that  was  to  be 
interchangeable.  It  was  of  little  use  having  a  standard  system 
of  limits  until  firms  made  more  parts  interchangeable  with  those 
on  similar  products  made  by  other  manufacturers.  The  B.E.S.A. 
had  standardized  such  things  as  steel  joists,  gas-pipes,  and  bolts 
and  nuts,  but  few  people  worked  to  fine  limits  on  those  articles, 
except  the  latter,  and  they  were  more  or  less  interchangeable  before 
limits  were  seriously  considered.  One  point  in  favour  of  the  bilateral 
method  that  had  not  been  mentioned  on  the  practical  side,  was  the 
wear  and  tear  of  reamers  and  broaches.  It  was  not  the  practice, 
even  now,  to  grind  small  holes,  and  reamers  did  not  wear  large. 

Sir  Richard  Glazebrook,  in  reply,  said  that  the  position  was 
that  if  they  were  starting  afresh  there  could  be  no  doubt  that  they 
would  start  on  the  unilateral  system.  When  an  endeavour  was 
being  made  to  standardize,  it  was  desirable  to  take  quite  a  wide 
outlook  and  to  see  that  the  system  decided  upon  would  be  adopted, 
not  merely  in  this  country,  but  fairly  generally  outside  it.  Dr. 
Agnew  had  stated  that  it  was  almost  certain  the  unilateral  system 
would  be  adopted  in  America.  The  members  knew  that  the 
unilateral  system  had  been  adopted  on  the  Continent,  and  this 
country  already  used  the  unilateral  system  in  connexion  with 
screw-threads.  That  would  have  to  be  altered  if  the  bilateral 
system  was  definitely  adopted  for  holes.  That  being  the  case,  he 
hoped  that  it  would  be  possible  to  arrange  in  some  way  that  for 
new  work  the  unilateral  system  should  be  worked  to,  leaving  it  open 
to  those  who  were  wedded  to  the  bilateral  system  and  using  it  to 
continue  to  use  it  for  all  their  old  work,  and  possibly  for  some  time 
for  general  production.  But  their  gauges  wore  out  in  time ;  their 
standards  needed  renewal,  and  as  that  happened  he  hoped  it 
might  be  possible  for  them  to  change  over  to  the  unilateral  system. 
He  thought  the  arrangements  which  had  been  made  in  Germany  on 
the  subject  were  very  much  to  be  commended.  The  members  had 
heard  how  Messrs.  Loewe  and  Co.  were  the  fathers  in  Germany  of 
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the  bilateral  system,  and  how  their  system  had  been  used  in  this 
country  to  a  large  extent  ;  it  had  formed  the  basis  of  what  Mr.  Allen 
and  other  speakers  had  said.  The  position  of  the  Johannson  gauges 
in  Sweden  was  also  known.  When  the  members  heard  that  firms 
abroad,  who  were  so  deeply  committed  to  the  bilateral  system  as 
these  gentlemen  were  in  the  past,  had  all  come  together  and  agreed 
that  it  was  in  the  interests  of  manufacturers  in  Germany  that  they 
should  do  their  best  to  change  and  adopt  the  unilateral  system, 
he  hoped  that,  in  time  at  any  rate,  the  same  view  would  be  accepted 
in  this  country.  It  might  then  be  possible,  ultimately,  to  have  a 
standard  unilateral  system.  For  the  present  he  realized  that  it  was 
necessary  to  have  some  kind  of  compromise,  and  that  if  the  series 
of  shafts  which  had  been  put  before  the  Committee  by  Mr.  Hedley 
Thomson  were  adopted,  it  was  quite  possible  to  use  them  with  a 
standard  unilateral  hole,  and  at  the  same  time  to  get  good  quality 
interchangeable  work  with  the  bilateral  hole  which  Mr.  Hedley 
Thomson  had  been  supporting.  By  the  adoption  for  a  time  of 
some  such  system  he  hoped  the  difficulties  might  be  overcome, 
with  the  ultimate  object  of  settling  down  to  the  unilateral  system. 


Discusnon  in  Leeds  on  Monday,  2nd  May  1921. 

The  Chairman  (Lt.-Col.  E.  Kitson  Clark,  Member  of  Council) 
said  it  was  desirable  that  the  important  question  of  Limit  Gauging 
should  be  standardized  on  sound  practical  lines,  first  in  this  country 
and  then  internationally.     Having  been  present  at  the  discussion 
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whicli  took  place  in  London  recently,  he  considered  that  they  were 
very  fortunate  in  persuading  Mr.  Hedley  Thomson,  a  Member  of 
the  British  Standards  Committee  on  Limit  Gauges,  who  had  devoted 
a  lifetime  to  the  special  study  of  this  subject,  to  open  the  discussion 
on  behalf  of  Sir  Richard  Glazebrook. 

Mr.  Hedley  J  Thomson,  with  the  assistance  of  diagrams  and 
lantern  slides,  introduced  the  subject  on  behalf  of  Sir  Richard 
Glazebrook,  covering  in  a  most  able  and  detailed  manner  the  whole  of 
the  ground  already  dealt  with  at  the  London  Meeting.  {See  page  486.) 

Mr.  R.  Crosby  agreed  with  Mr.  Thomson  that  it  was  necessary 
to  adopt  a  general  system  of  limit  gauging,  and  the  most  effective 
method  to  his  mind  was  the  bilateral  system.  Under  this  system, 
one  ensured  the  hole  being  as  near  the  nominal  size  as  possible. 
As  an  illustration,  he  might  mention  a  system  brought  to  his  notice 
some  years  ago.  The  firm  in  question  had  a  limit  gauge  system 
running  in  the  shops  with  limits  as  generous  as  the  work  allowed. 
All  the  work  was  passed  into  an  Inspection  Dept.  which  was  equipped 
with  two  additional  limits,  one  higher  than  the  standard  and  one 
lower.  Work  which  passed  standard  limits  was  transferred  into 
the  stores,  with  a  white  label  ;  that  which  failed  to  pass  the  standard 
limits,  but  which  passed  the  alternative  set  of  lower  limits,  went 
into  the  stores  under  a  red  label.  On  the  other  hand,  work  which 
failed  to  pass  the  standard  limits,  but  satisfactorily  passed  the 
alternative  higher  limits,  went  into  the  stores  under  a  green  ticket. 
On  assembly  or  erection,  the  foreman  receiving  an  order  for  a  number 
of  parts  to  be  assembled  would  draw  from  the  stores  complete  sets 
of  parts  of  white,  green,  or  red  work,  according  to  the  quantity 
required.  It  was  then  noted  in  the  ofl&ce  which  grade  of  limits  the 
customer  had  been  supplied  with,  so  that  the  question  of  replacements 
came  under  proper  control.  This  system  was  easily  worked  and 
eliminated  scrap  and  adjusting  on  the  bench,  and  was  equally 
suitable  for  large  or  small  production.  He  thought  that  Mr. 
Thomson  had  ably  shown  that  limit  gauging  on  the  basis  laid  before 
the  meeting  was  capable  of  being  adopted  to  suit  all  classes  of  work. 
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.Mr.  Fkancis  J.  Bostock  said  that  to  confine  limit  gauging  to 
repetition  work,  as  appeared  to  liave  been  done  in  the  past,  was, 
he  thought,  a  great  mistake.  Whilst  it  was  true  that  it  could  be 
readily  applied  to  standard  production,  the  system  to  be  satisfactory, 
should  be  of  universal  application.  Modern  methods  of  high  class 
production  depended  upon  a  separate  drawing  being  made  of  each 
individual  piece,  even  if  there  were  only  one  or  two  required. 
Furthermore,  the  various  components  for  the  complete  unit  were 
machined  in  different  departments  and  were  not  made  to  suit  each 
other  in  the  ordinary  sense  of  the  term,  but  were  machined 
independently  and  not  tried  together  until  they  reached  the 
assembling  stage.  This  therefore  meant  that  a  proper  system  of 
limits  and  tolerances  thereon  must  be  worked  to,  but  unlike 
repetition  work,  the  quantity  required  was  so  small  as  to  preclude 
the  making  of  special  limit  gauges  except  in  the  case  of  standard 
dimensions,  say,  up  to  3  inches  in  diameter. 

Fixed  limit  gauges  were  admirably  suitable  for  repetition  work. 
The  grinder,  for  example,  after  the  first  piece  had  been  finished, 
set  a  stop  on  his  machine  so  as  to  determine  automatically  the 
.size  of  the  piece  being  ground,  and  after  reaching  this  stop  he 
applied  his  limit  gauge  (set  to  Johannson  gauges)  in  order  to  get 
within  the  tolerances  given.  Not  so,  however,  with  single  pieces ; 
the  workman  nowadays  did  not  like  to  be  in  a  position  of  having 
finished  his  piece  before  he  could  measure  it.  Scientifically  speaking, 
there  was  no  difference  between  the  unilateral  and  the  bilateral 
systems,  and,  whichever  were  adopted,  it  must  be  the  most  suitable 
one  for  the  workman.  Generally  speaking,  there  was  a  tendency 
among  all  workmen  to  work  to  the  "  go  "  limit  rather  than  the  "  no 
go  "  limit,  so  that  even  by  aiming  at  the  nominal  size  probably  the 
bore  would  be  one  or  two-tenths  of  a  thousand  small  which,  for  the 
bilateral  system,  would  be  quite  in  order. 

He  (the  speaker)  found  from  his  experience  that  the  Newall 
system,  whilst  very  good  in  its  way  and  an  excellent  basis  for  a  start, 
was  unfortunately  deficient  in  many  respects.  For  ordinary  high 
class  work  one  very  seldom  required  to  work  to  the  ''  A  "  limit  for 
standard  holes.     Generally  the  "  B  "  one  was  adopted,  but  he  was 
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inclined  to  think  that  a  limit  with  greater  tolerances  could  be 
satisfactorily  used  specially  in  conjunction  with  running  fits. 
Except  for  slow  speed  work  the  "  Y  "  and  "  Z  "  limits  were  seldom 
used .  Generally  for  medium  speeds  the  "  X  "  limits  were  satisfactory, 
but  for  speeds  of  about  1,000  r.  p.  m.  they  were  insufficient, 
and  he  liad  found  the  range  of  "  XX  "  (that  is,  twice  the  limit 
of  '■  X  ")  to  be  very  satisfactory  in  service.  He  thought  that 
two  intermediate  fits  were  required  to  complete  the  Newall  system. 
The  first  should  be  a  "  Light  Tapping  "  fit,  such  as  was  required  for 
a  journal  bearing  on  its  shaft  when  not  secured  in  position  by  a 
lock-nut.  A  further  fit,  which  might  be  called  a  "  key  "  fit,  was 
also  required.  There  was  too  much  of  a  jump  between  the  "  P  " 
and  the  "  D  "  of  the  Newall  system,  and  he  had  found  it  necessary 
to  introduce  a  "  medium  drive  "  fit  for  shafts  and  wheels  which 
had  to  be  keyed  together. 

He  suggested  that  a  full  series  of  fits  be  plotted  out  on  the  lines 
suggested  right  up  to  20  inches  in  diameter.  At  the  same  time 
he  realized  that  whilst  it  would  be  satisfactory  for  perhaps  90  per 
cent  of  the  work,  there  would  still  be  special  cases  to  be  considered 
on  their  merits.  For  example,  none  of  the  running  fits  above 
mentioned  would  be  suitable  for  very  high  speed  work  wherein  the 
bearings  were  fed  by  oil  under  pressure  and  had  perhaps  a  rubbing 
speed  of  8,000  to  10,000  feet  per  minute  ;  in  such  cases  the  limits 
required  were  about  six  times  that  of  class  "  X."  By  the  aid  of  the 
range  factor,  any  works  would,  however,  be  able  to  make  their  own 
special  limits  for  their  individual  requirements. 

Major  F.  L.  Watson,  in  moving  a  very  hearty  vote  of  thanks 
to  Mr.  Hedley  Thomson  for  attending  the  Leeds  Branch  Meeting 
to  open  the  discussion,  said  that  Mr.  Thomson's  remarks  as  well  as 
his  diagrams  had  made  very  clear  the  various  points  dealt  with  by 
Sir  Richard  Glazebrook.  In  view  of  the  importance  of  the  pending 
decision  of  the  British  Engineering  Standards  Association,  he  felt 
that  it  was  the  duty  of  members  to  express  a  definite  opinion  as 
to  the  unilaterial  or  bilateral  system  of  assigning  the  tolerances. 
He  felt  that  the  necessity  of  adopting  the  standard  hole  diameter 


Ai-Rii.  1921.  LIMIT   OAUOINC!.  ^^^ 

with  varying  shaft  diameters  for  different  classes  of  work  was 
definitely  justified. 

The  question  of  the  assignment  of  tolerances  above  or  below  the 
nominal  dimension  was,  however,  on  a  different  footing.  It  was  not 
a  question  to  be  settled  by  scientific  reasoning  but  was  entirely 
a  practical  question.  The  tendency  in  manufacture  would  always  be 
for  the  dimension  of  the  part  actually  produced,  to  approach  a 
position  between  the  maximum  and  minimum  allowed.  On  the 
bilateral  system  the  actual  resiilt  would,  therefore,  approach  the 
nominal  size.  The  mean  between  the  high  and  low  limits  would  be 
approximately  the  same  for  all  classes  of  work,  so  that  whether  a 
large  tolerance  or  a  small  tolerance  were  in  use,  the  actual  or  normal 
dimension  obtained  in  practice  would  approximate  to  the  same  figure. 
On  the  unilateral  system,  on  the  contrary,  the  actual  or  normal 
size  obtained,  tending  as  in  the  other  case  to  a  position  between 
the  two  Umits,  would  in  the  case  of  a  hole  diameter  be  larger  and  in  the 
case  of  a  shaft  diameter  be  smaller  witb  a  large  tolerance  than  with 
a  small  tolerance. 

The  governing  factor  in  the  provision  of  standard  holes  (except 
of  large  sizes),  lay  in  the  provision  of  twist  drills  and  reamers  of  the 
requir'Ld  accuracy.    Unless  different  sets  of  twist  drills  and  reamers 
were  to  be  used  for  the  different  limits  of  accuracy,  the  result  would 
be  that,  whereas  with  fine  limits  the  permissible  error  might  be  equal 
on  both  sides  of  the  normal,  with  large  tolerances,  the  difference 
allowable  would  be   mainly   on   one   side,    and  thus   facility   of 
manufacture  provided  by  the  larger  tolerances  would  be  vitiated. 
In  his  opinion  the  balance  of  advantage  lay  with  the  bilateral  system. 
He  did  not  agree  with  Sir  Richard  Glazebrook's  contention  that  in 
looking  forward  we  should  have  regard  to  the  interest  of  the  many 
firms  who  did  not  now  use  limit  gauging,  but  would  do  so  if  a  standard 
system  were  generally  recognized,  rather  than  to  the  convenience 
of  those  who  had  adopted  a  system  excellent  in  many  respects, 
but,  in  Sir  Richard's  opinion,  not  quite  the  best.     If  this  principle 
were  adopted  by  the  Association,  it  would  have  the  unfortunate 
effect  of  discouraging  enterprise,  because  there  was  an  obvious 
disadvantage  in  adopting  improved  methods  in  their  early  stages, 
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if  one  was  to  expect  that,  having  spent  hirge  sums  of  money  on  a 
system  which  suited  one's  own  business,  the  whole  was  to  be  scrapped 
through  the  adoption  by  the  B.E.S.A.  of  a  modified  system,  devised 
chiefly  with  regard  to  the  interests  of  those  who  had  adopted  the 
attitude  of  "  wait  and  see." 

He  did  not  agree  with  Mr.  Bostock's  opinion  that  in  shops  doing 
non-repetition  work  it  was  desirable  to  adopt  a  system  of  limits, 
but  not  a  system  of  limit  gauges.  Tlie  suggestion  that  limits  should 
be  shown  on  the  drawing  and  the  work  carried  out  by  means  of 
micrometers  placed  in  the  hands  of  the  individual  worker  was  not 
in  his  opinion  practicable.  Several  workmen  using  different  micro- 
meters in  different  departments,  for  example,  the  borer  using  a 
micrometer  on  the  hole  and  the  turner  independently  using  another 
micrometer  on  the  shaft  would  not  ensure  a  satisfactory  result. 
For  work  of  a  non-repetition  character  such  as  the  building  of 
individual  machines  or  engines,  the  advantages  of  using  fixed  limit 
gauges  were  the  same  in  kind  and  only  different  in  degree  from  the 
advantages  of  using  them  on  repetition  work.  It  was  essential 
to  the  working  of  such  a  system  that  one  department  under  the 
charge  of  one  person,  for  example,  the  tool-room, should  be  responsible 
for  the  preparation,  checking,  adjustment  and  issue  of  all  gauges. 
Whilst  for  non-repetition  work  there  was  an  important  saving  in 
the  use  of  gauges  which  were  capable  of  adjustment,  such  adjustment 
should  always  be  carried  out  by  the  tool-room,  and  the  gauge  as 
issued  to  the  workman  should  be,  for  the  time  being,  a  fixed  gauge. 

~Slv.  Guy  L.  Murray  said  that  with  regard  to  the  question  of  hole 
or  shaft  basis,  there  were  many  arguments  that  could  be  put  forward 
in  favour  of  the  hole  basis,  but  only  a  few  that  could  be  claimed 
with  respect  to  the  shaft  basis.  The  main  arguments  in  favour  of 
the  hole  basis  were  briefly  :  (a)  simplicity  of  manufacture  ;  (&)  less 
plant  and  equipment  required  ;  (c)  economy  in  gauges  required  ; 
and  (d)  the  fact  that  so  few  firms  were  able  to  adopt  the  B.E.S.A. 
Report  No.  27,  w^hich  was  on  the  shaft  basis,  proved  that  the  latter 
stood  condemned. 

The  arguments  in  favour  of  shaft  basis  were  (a)   In  the  case  of 
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main  liui"  shaft  aiul  milhvriglit  work,  where  the  shafts  were  reeled 
to  size,  the  only  practical  solution  was  to  make  allowance  on  the 
size  of  the  bole  and  use  the  shaft  basis ;  and  (6)  where  the  class  of 
work  was  such  that  the  hole  had  to  be  case-hardened  or  heat  treated, 
thus  necessitating  finished  grinding  of  the  hole,  it  was  sometimes 
more  economical  to  vary  the  diameter  of  the  hole  in  accordance 
with  the  class  of  fit.  This  often  applied  to  locomotive  practice. 
Exceptions  would  always  have  to  be  made  in  favour  of  the  shaft 
basis  in  cases  of  this  kind. 

With  regard  to  the  unilateral  versus  the  bilateral  system,  there 
were  arguments  to  be  used  on  both  sides,  but  it  would  appear  that 
none  of  them  were  of  any  real  practical  importance,  and  it  seemed 
to  him  the  main  fact  to  bear  in  mind  was  that  the  most  commonly 
used  existing  systems,  namely,  the  Newall  and  Johansson,  were 
both  on  the  bilateral  system.  It  seemed  rather  unfair  to  ask  firms 
who  were  equipped  with  these  .systems  to  scrap  all  their  gauges  and 
to  substitute  new  ones  which  might  be  more  academic,  but  which 
could  not  possibly  give  the  user  any  better  practical  results  than  the 
systems  at  2)resent  in  oj)eration.  Seeing  that  the  question  of  revision 
of  the  English  Standard  Specification  was  at  present  under 
consideration,  would  it  not  be  preferable  and  a  suitable  opportunity 
of  bringing  it  into  line  with  the  bilateral  system,  and  so  avoid  a 
large  amount  of  unnecessary  expense  to  the  manufacturer  ?  He 
would  urge  that  the  firms  who  have  been  enterprising  enough  to 
adopt  limit  gauge  systems  already  were  certainly  entitled  to  more 
consideration  than  they  seemed  likely  to  get. 

With  regard  to  the  systems  of  limits,  and  item  {h} — the  quantity 
to  be  dealt  with — he  thought  it  was  important  to  call  attention  to 
the  neces.sity  of  due  consideration  being  paid  to  the  various 
coefficients  of  expansion  of  the  materials  that  might  be  employed, 
and  the  temperature  changes  that  sometimes  took  place  in  the 
working  of  the  complete  machine.  For  example,  limits  that  might 
be  quite  satisfactory  for  a  cold  bar  shearing  machine,  would  prove 
disastrous  for  a  machine  of  the  same  type  which  was  required  to 
cut  continuously  red-hot  billets. 

In  considering  the  question  of  steps  and  ranges,  it  might  be 
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more  desirSible  that  something  should  be  done  to  make  them  conform 
more  to  the  parabolic  law,  and  he  would  again  urge  the  case  of  due 
regard  being  paid  to  gauges  and  systems  at  present  in  use. 

With  regard  to  the  various  kinds  of  fits,  he  thought  we  should 
all  be  in  agreement  that  limits  for  running  fits  should  be,  and  could 
be,  standardized,  always  excepting  special  cases.  As  to  transition 
fits,  he  wished  to  emphasize  the  importance  of  keying  fits.  This 
class  of  fit  was  met  with  in  almost  every  workshop,  and  probably 
was  the  least  satisfactory  and  most  expensive  from  the  point  of 
view  of  lost  time,  unsatisfactory  work,  and  wasters.  He  thought 
that  the  question  of  limit  gauging  for  the  keying  fit  should  receive 
every  attention,  as,  from  a  manufacturer's  point  of  view,  it  was  as 
important  as  the  running  fit. 

During  the  past  eighteen  months  he  had  spent  a  fair  amount  of 
time  considering,  adopting,  and  putting  into  operation  a  limit 
gauge  system  as  applied  to  heavy  machine-tools  of  great  variety 
and  covering  a  large  range  of  sizes.  The  most  important  fact  to 
bear  in  mind  when  adopting  a  system  of  limit  gauging  was  that 
the  system  adopted  should  be  one  that  would  enable  the  workman 
to  produce  his  work  with  greater  confidence,  with  less  risk  than 
formerly  of  producing  wasters,  and  that  the  gauges  supplied  to  him 
should  be  such  that  economies  in  time  taken  per  operation  might 
be  brought  about.  From  this  it  naturally  followed  that  the  limits 
adopted  should  be  no  finer  than  was  absolutely  necessary  to  ensure 
the  satisfactory  running  of  the  machine  or  article  to  be  manufactured. 
In  his  case,  he  had  been  particularly  interested  in  establishing 
standard  limits  for  two  kinds  of  fits,  namely,  running  and  keying. 
The  plan  adopted  in  finding  out  the  desirable  limits  was  extremely 
simple,  and  consisted  in  thoroughly  examining  completed  new 
machines  which  were  running  satisfactorily  in  the  shop  under  test, 
and  from  them  ascertaining  the  allowances  and  tolerances  that  the 
shop  had  previously  more  or  less  unconsciously  been  working  to. 
The  figures  got  from  this  source  were  then  compared  with  tables  of 
standard  allowances  by  various  makers  of  limit  gauges  until  the 
nearest  table  was  found.  Further  investigations  were  then  made  with 
this  table,  and  they  took  the  form  of  preparing  by  the  ordinary  shop 
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method  of  manufacture  a  set  of  holes  and  short  pieces  of  shafts  to  the 
limits  given  in  the  table  of  standard  limits  it  was  proposed  to  adopt. 
In  the  case  of  the  running  fits,  care  was  taken  to  see  that  proper 
provision  had  been  made  to  allow  a  satisfactory  oil  film  to  be 
maintained  between  the  shaft  and  its  bearing  (the  hole).  In  the 
case  of  the  keying  fits,  the  limits  were  necessarily  of  a  much  finer 
nature,  and  it  was  important  to  see  that  any  interference  between 
the  shaft  and  the  hole  that  might  arise,  was  not  more  than  would 
permit  of  the  shaft  being  tapped  with  a  light  hammer  into  the 
hole  ;    further,  it  was  necessary  to  find  out  that  the  maximum 
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l)ossiblc  allowance  was  not  sufficient  to  interfere  with  the  concentric 
running  of  the  gear  wheel,  pulley,  etc.,  that  had  to  be  keyed  on  to 
the  shaft.  He  had  found  from  experience  that  these  points  could 
be  satisfactorily  met  by  adopting  a  modified  form  of  pushing  fit, 
as  given  in  the  Newall  Standard  of  Allowances.  This  system  had 
now  been  in  use  for  about  12  months,  with  satisfactory  results. 
A  diagram  of  this  keying  fit  was  shown  in  Fig.  8.  The  tool-room 
should  be  equipped  with  satisfactory  reference  gauges,  so  that  all 
wauges  might  be  rapidly  checked  on  giving  out  to  the  workman,  and 
again  when  returning  to  the  tool -room. 

With  regard  to  the  use  of   gauges  by  the  workmen,  he  would 
strongly  advocate  that,  before  introducing  a  limit  gauge  system 
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into  a  shop  where  no  system  at  present  existed,  instructions  and 
demonstrations  be  given  to  the  workmen  concerned  in  the  proper 
use  and  object  of  the  gauges,  in  order  that  they  might  be  taught 
to  respect  and  not  abuse  them.  Especially  was  it  important  to 
point  out  to  the  operator  that  the  "  go  "  gauge  "  should  go,"  and 
that  he  is  not  called  upon  to  make  it  fit  a  hole  or  shaft. 

On  the  question  of  the  care  of  gauges,  he  had  found  that,  in  order 
to  save  calliper  limit  gauges  from  unnecessary  wear  and  tear,  and 
to  prevent  the  operator  attempting  to  apply  them  to  the  shafts 
running  in  the  grinding  machine,  it  was  advantageous  to  equip  the 
operator  with  a  set  of  what  he  called  "  approaching  disks."  These 
were  ground  -iTftTo  iiich  or  j  JVff  inch  larger  than  the  high  limit  of 
the  calliper  gauge.  The  operator  set  an  ordinary  pair  of  callipers 
to  these  disks  and  could  apply  them  to  the  shaft  in  the  machine 
when  running,  and  only  use  the  calliper  limit  gauges  when  the 
diameter  of  the  work  was  within  a  few  thousands  of  that  required. 
He  had  found  this  system  very  successful,  which  effected  a  saving 
of  time  taken  in  the  grinding  operation,  as  the  machine  was  not 
stopped  so  frequently. 

Professor  G.  F.  Charxock  seconded  the  vote  of  thanks  to  Mr. 
Hedley  J.  Thomson,  who,  he  remarked,  had  not  only  opened  the 
discussion,  but  incidentally  had  given  a  masterly  and  up-to-date 
exposition  of  the  subject.  He  could  not  help  tliinking  that  the 
matter  might  have  been  made  much  clearer  and  easier  to  retain 
in  the  memory  by  the  introduction  of  a  suitable  system  of  symbolical 
notation,  and,  although  it  was  of  course  essential  to  preserve  the 
utmost  simplicity,  he  deprecated  the  idea  which  had  been' 
emphasized  rather  strongly  by  several  of  the  speakers  at  the 
discussion  in  London,  that  a  simple  algebraical  expression  should 
be  consigned  to  the  Appendix. 

The  Chairman  said  that  a  controversy  was  always  attractive, 
and  the  division  between  the  bilateral  and  unilateral  schools  had 
caused  both  scientific  and  practical  aspects  to  be  thoroughly 
examined.     Possibly    as    both    systems    were    really    based    on    a 
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convention,  the  shops  themselves  would  now  select  that  which 
suited  them  best.  He  felt  that  the  point  at  issue  might  be  very 
briefly  and  clearly  detailed,  that  a  season  might  be  allowed  to 
elapse,  and  a  questionnaire  again  submitted  to  those  most  concerned. 
But  one  thing  he  held  to  be  of  great  importance  was  that  the  letters 
used  to  designate  the  different  tolerances  of  holes  and  pins  in 
reference  to  different  classes  of  fits  should  be  made  universal— not 
only  in  this  country,  but  abroad  ;  and  that  they  should  be  applicable 
for  both  the  British  and  metric  systems  of  measurement.  This 
would  appear  possible  on  the  reasonable  assumption  that 
T-^^y(yinch  =  0-025  mm. 


Co)nmunications. 

Mr.  J.  E.  Baty  wrote  that,  without  wishing  to  criticize  unduly 
limit  systems  evolved  many  years  ago  by  the  B.E.S.  Association, 
Messrs.  Newalls  and  others,  which  had  without  doubt  served  their 
purpose  in  the  development  which  had  taken  place,  he  thought  it 
was  necessary  to  postulate  more  carefully  the  general  requirements 

with  regard  to  limits. 

The  E.S.C.  Report  No.  27,  1906,  laid  down  :— '^  Par.  6.  Qualities 
of  Work.  For  general  engineering  practice,  the  Committee  have  laid 
down  three  classes  of  workmanship,  namely  :— 1st  class;  2nd  class  ; 
3rd  class.  They  do  not  stipulate  the  employment  of  any  one  of  the 
above  classes  in  any  particular  case,  but  recommend  that  one  of  the 
three  classes  be  worked  to  in  whole,  or  in  part,  as  may  best  meet 
requirements."  The  point  the  writer  wished  to  emphasize  was 
that  the  various  grades  were  for  different  classes  of  workmanship 
and  not  for  parts  to  work  uiuler  >liff<M-ent  conditions,  say  in  hot  or 
cold  positions. 
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Another  point  in  this  Report  and  in  some  other  systems,  was  that, 
as  shown  in  the  Proceedings,  1920,  Fig.  4  (page  1085),  the  maximum 
limit  of  the  first-class  fits  was  the  minimum  of  the  second-class  fits, 
and  so  on  with  those  of  the  third  grade.  This  brought  one  to  the 
(juestion  :  What  constituted  a  good  running  fit  ?  Those  ,who  had  had 
practical  experience  in  engine  and  such  like  work  knew  that,  in  a  split 
bearing,  if  there  was  any  tendency  to  fit  against  the  shaft  on  the 
diameter  where  the  split  occurred  that  the  bearing  would  heat. 
Bearings  were  therefore  cleared  away  slightly,  as  shown  exaggerated 
in  the  left-hand   sketch   of   Fig.  9,  generally  leaving   an  included 

Fig.  9, 


Bottom  Half  of  Split  Bearing. 


Solid  Bearing. 


angle  of  bearing  surface  between  90°  and  120°,  depending  upon  the 
class  of  work. 

Supposing,  instead  of  a  split  bearing,  one  had  a  solid  bearing. 
If  any  limit  was  allowed  between  a  shaft  and  a  hole,  then  under 
running  conditions  the  shaft  would  not  take  up  a  central  position 
in  the  hole  but  would  lie  to  the  side  on  which  the  thrust  or  pull 
forced  it.  Referring  to  the  right-hand  sketch  of  Fig.  9,  which 
showed  in  an  exaggerated  manner  a  shaft  thrust  over  to  one  side 
of  a  solid  bearing,  the  clearance  gradually  increased  until  at  the 
point  opposite  contact  one  got  nearly  the  limit  of  the  hole  plus^limit 
of  shaft.  The  shaft  would  be  in  a  cradle  of  oil  in  various  states|of 
compression  and,  so  far  as  it  was  possible  to  calculate  or  imagine 
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what  the  exact  arc  of  contact  was  for  a  hole  and  shaft  to  fine  limits, 
it  appeared  to  the  writer  to  be  analogous  to  the  split  bearing  already- 
discussed  above.  This  would  seem  to  point  to  the  necessity  of  a 
practical  investigation  as  to  what  constituted  the  best  arc  of 
contact.  He  thought  this  arc  determined  good  or  bad  running  and 
it  bore  no  relation  to  a  \/D  law. 

A  point  of  interest  here  was  the  old  workshop  method,  that  is, 
before  the  time  of  limit-gauges,  of  making  a  hole  a  running  fit  to  a 
given  shaft.  An  inside  micrometer  was  set  to  the  exact  diameter 
of  the  shaft  (from  an  outside  micrometer  or  a  pair  of  outside  callipers) 
and  the  hole  was  then  bored  so  that  if  the  micrometer  was  pivoted 
from  one  end,  the  other  end  had  a  lateral  play  in  the  hole  of  |  inch 

for  each  foot  diameter  of  hole,  that  is,  Play  =  |  x  j^^-    "^^^^  worked 

satisfactorily  and  corresponded,  in  actual  limit  between  shaft  and 
hole,  when  well  done,  to  the  finer  classes  of  tabulated  limits. 

The  foregoing  paragraphs  referred  to  minimum  clearances 
between  shaft  and  hole,  and  the  next  point  was  that  having  made 
at  least  this  allowance  the  finish  of  the  work  was  not  so  important  ; 
it  might  be  ground  to  a  finish  or  turned  in  the  lathe  and  it  would 
run  equally  satisfactorily.  Hence  he  did  not  agree  with  the  second 
class  limits  starting  where  the  first  class  ones  finished,  but  that 
the  second  class  should  overlap  the  first  class  and  that  if  a  third 
class  was  necessary,  it  should  overlap  the  other  two. 

Limit  gauges  were  adopted  in  order  that  (1)  work  might  be 
made  interchangeable  in  quantities  ;  and  (2)  to  get  an  increased 
output  with  a  less  skilled  workman  than  would  otherwise  be 
necessary. 

Arising  out  of  the  second  of  these  reasons,  it  might  be  as  well 
to  look  for  a  moment  at  the  method  of  application  of  the  limit 
system  in  a  very  large  class  of  work,  namely,  that  turned  out  from 
capstans,  rotary  grinders,  drilling  machines,  etc.  The  machine 
was  set  up  to  cut  near  the  minimum  size  on  a  shaft,  and  the  wear  of 
the  tool  brought  it  in  time  near  to  the  maximum  size,  the  converse 
being  the  case  with  regard  to  holes.  The  maximum  rate  of  wear 
of  the  tool  would  be  in  the  earlier  part  of  the  operation  and  would 
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get  slower  towards  the  end.  This  could  be  shown  graphically,  as 
in  Fig.  10  ;  the  curve,  however,  made  no  pretence  to  being  correct. 
The  distance  OB  represented  the  wear  of  the  tool  to  some  convenient 
scale  and  would  be  something  less  than  half  the  limit  of  the  work. 
OD  was  the  time  to  wear  the  tool  out,  OC  represented  the  proportion 
of  work  which  took  advantage  of  more  than  half  the  limit,  and 
CD  the  larger  proportion  which  was  within  less  than  half  the  limit. 
He  thought   that   the  "  hole  basis  "  was  essentially  the  right 
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system  and  that  the  "  shaft  basis,"  if  necessary,  should  be  a  variation 
from  general  practice,  or  it  might  be  that  bright  bar  could  be  made 
to  fall  in  with  either  system,  as  suggested  by  IMr.  Hedley  Thomson. 
In  his  opinion,  the  tables  of  limits  for  running  fits  and  shafts  should 
be  divided  into  two  entirely  separate  parts.  First,  a  table  of  fine 
and  of  coarse  limits  for  work  under  normal  conditions,  that  is, 
where  the  only  heating,  if  any,  was  due  to  friction.  Second,  a  table 
or  tables  for  work  where  heat  would  be  taken  up  from  some  outside 
source.  His  reasons  for  this  were  twofold  :  That  allowances  for 
expansion  had  no  connexion  with  a  \/D  law,  but  should  follow  a 
straight-line  curve  ;  and  that  where  a  running  fit  was  wanted  under 
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normal  conditions,  that  is,  with  no  external  heat,  the  limits  should 
be  allowed  to  overlap. 

He  hoped  that,  when  the  B.E.S.  Association's  Report  was 
issued,  it  would  be  a  really  authoritative  work  which  would  meet 
with  the  general  approval  of  engineers.  He  put  forward  the  following 
suggestions  : — 

Holes. — Two  sets  of  limits  on  unilateral  system.  Second-grade 
limits  to  overlap  first-grade  limits ;  with  a  proviso  that  fine  limits 
only  were  to  be  used  for  transition  fits. 

Shafts :  Running  Fits  under  Normal  Conditions. — Two  sets  of 
limits,  second-grade  to  overlap  first-grade. 

Running  Fits  under  Heat  or  Abnormal  Conditions.— Two  sets  of 
limits  based  upon  the  last-named  fits,  plus  an  allowance  according 
to  a  straight-line  law  for  expansion.  Limits  to  overlap  or  not  as 
thought  advisable. 

Transition  Fits. — No  comment  needed. 

Interference  Fits. — In  two  sets  of  limit  tables  stating  the  range  of 
tensile  for  which  they  were  suitable,  based  on  a  law  proportional  to  D . 

Mr.  A.  A.  Remington  wrote  that  he  thought  it  was  impossible 
to  make  a  practicable  combination  of  the  unilateral  and  bilateral 
systems,  unless  the  bilateral  were  limited  to  one  degree  of  tolerance. 
If  tolerances  in  the  two  systems  were  both  to  be  expanded,  the  fact 
that  one  expanded  outwardly  and  the  other  both  outwardly  and 
inwardly  at  the  same  time,  precluded  the  possibility  of  compromise. 
The  logical  correctness  of  the  unilateral  system  which  had  been  shown 
could,  however,  to  some  degree  be  sacrificed  or  a  semi-correct  series 
of  holes  added  to  it  so  as  to  form  a  compromise,  and  it  was  possible 
that  an  addition  of  this  nature  would  enable  a  standard  uniform 
system  to  be  adopted  without  precluding  the  possibility  of  the 
complete  but  gradual  general  adoption  of  the  unilateral  system. 

Some  systems  that  were  bilateral,  in  so  far  as  distribution  of 
tolerance  was  concerned,  were  not  bilateral  in  regard  to  expansion  of 
tolerance,  inasmuch  as  the  tolerances  were  not  expanded  equally 
above  and  below  the  nominal.  The  Newall  system  was  an  example  of 
such  a  system,  the  two  grades  of  hole  being  as  shown  superimposed  in 
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Fig.  1 1.  Such  a  system  could  not  be  termed  bilateral,  and  in  fact, 
if  the  inward  portion  of  the  tolerance  were  made  the  same  for  both 
grades  of  hole  (a  comparatively  slight  modification,  except  in  the 
smaller  sizes)  it  would  be  unilateral  based  on  a  false  nominal. 

If  then  in  addition  to  two  or  three  grades  of  hole  on  a  unilateral 
basis,  such  as  shown  in  Fig.  12,  a  second  series  of  holes,  the  first 
being  bilateral  and  based  on  the  first  tolerance  steps,  and  the  second 
and  third  expanding  outwardly  from  it,  we  should  at  once  provide 
a  means  of  compromise  that  would  overcome  the  difficulty  of .  a 
compromise  between  the  unilateral  system  and  such  systems  as 
the  Newall.  The  first  or  bilateral  hole  would  provide  the  same 
tolerances  as  the  first  unilateral  hole,  the  tolerances  of  the  others 
following  similar  steps,  thus  forming  what  might  conveniently  be 
termed  a  semi-lateral  series  of  holes.  Such  a  series  was  shown 
graphically  in  Fig.  13. 

In  attempting  to  provide  a  standard  system,  it  seemed  useless 
to  attempt  to  evade  the  completion  of  the  problem  by  stopping 
short  at  running  fits,  as  undoubtedly  the  standard  system  must 
provide  a  sufficient  series  of  transition  and  interference  fits,  and  it 
was  probable  that  there  was  greater  need  for  the  standardization 
of  these  than  of  clearance  fits.  The  difficulty  of  dealing  with  these 
was  admittedly  greater,  but  the  necessity  was  at  least  as  great, 
probably  greater  also.  The  chief  difficulties  presumably  lay  in  : 
(1)  The  inevitable  fineness  of  the  permissible  tolerance  ;  and  (2)  the 
effect  of  length  of  engagement  and  hardness  of  the  metal,  and 
perhaps  also  smoothness  of  surface,  on  the  tightness  of  the  fit. 
The  system,  in  order  to  overcome  these  difficulties,  should  provide 
a  sufficient  number  of  series  that  would  provide  a  series  of  fits  of 
increasing  tightness,  possibly  in  the  case  of  transition  fits  basing  two 
distinct  series  on  the  two  recognized  laws  for  tolerance,  and  leave 
it  to  the  engineers  who  would  use  the  system  to  prescribe  which 
aeries  should  be  used  to  get  the  desired  results  in  each  particular 
case. 

The  first  unilateral  hole  and  the  bilateral  hole  would  probably 
only  be  used  in  connexion  with  transition  fits,  including  the  cases 
of  no  positive  and  no  negative  allowance  respectively,  as  shown  by 
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Fig.  11, — Neivall  First  and  Secotul  Grade  Holes  Superimposed. 


Fig.  12. — An  Example  of  a  Series  of  Unilateral  Holes. 


Fig.  13.— An  Examyle  of  a  Series  of  "  Semi" -lateral  Holes  with  tlie  same 
Tolerances  as  tlie  Unilateral  Holes  shown  in  Fig.  12. 
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Figs.  14  and  15,  and  here  the  two  parallel  series  of  holes  would  be 
a  considerable  convenience,  as  the  same  shaft  would  produce,  say, 
a  sliding  fit  in  one  hole  and  a  light  drive  fit  in  the  other,  and  so  on. 
It  was  probable  that,  in  cases  where  the  third  grade  of  hole  was 
permissible,  such  as  in  coarse  running  fits,  and  possibly  also  in 
tight  shrink  fits,  it  would  be  immaterial  whether  the  third  grade 


Fig.  14. —  Unilateral  Hole  with  Limiting  Cases  of  Shaft. 
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Fig.  15. — "  ScmV -lateral  Hole  with  Liiniting  Cases  of  Shaft. 


unilateral  or   the  third    grade  semi-lateral    hole  was  used,  as  the 
difference  in  practice  would  be  so  small. 

In  considering  these  matters,  it  must  always  be  borne  in  mind 
that  the  extremely  fine  measurements  it  was  now  possible  to  make 
with  such  facility,  were  not  a  serious  factor  except  in  the  smaller 
sizes  and  in  the  finer  grades  of  fit,  which  included  the  transition 
fits  and  those  fits  which  provided  no  allowance.  Except  in  these 
cases,  tolerances  could  be  considerable,  and  except  in  small  sizes 
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quantities  less  than  0"  000  5  inch  and  often  even  0-001  inch  might 
very  generally  be  ignored. 

Mr.  George  W.  Watson  wrote  that  he  feared  he  could  not  agree 
with  Sir  Richard  Glazebrook  in  this  matter,  as,  from  the  practical 
point  of  view,  he  thought  that  everything  was  in  favour  of  the 
adoption  of  the  bilateral  system,  and  he  hoped  that  the  merits  of 
this  system  would  be  given  the  most  careful  consideration.  Early 
in  1917  he  became  responsible  for  the  design  and  construction  of 
engines  for  tanks,  and  he  found  that  the  five  different  manufacturers 
of  the  same  type  of  engine  were  working  to  five  different  sets  of 
limits.  Some  were  working  to  the  bilateral  and  the  others  to  the 
unilateral.  A  meeting  was  called  of  the  manufacturers  concerned 
and  he  expressed  his  views,  the  result  being  that  they  unanimously 
adopted  a  well-known  bilateral  system,  which  worked  so  successfully 
that  three  months  later  he  was  able  to  collect  various  parts  of  an 
engine  from  the  different  manufacturers,  and  have  them  assembled 
into  a  complete  engine  without  the  use  of  a  file  or  any  other  fitting 
whatever.  He  carried  this  test  to  the  extent  of  taking  a  top 
half  of  a  crank-case  from  one  manufacturer  and  the  bottom  half 
from  another,  demonstrating  the  high  degree  of  interchangeability 
which  was  secured.  He  did  not  deny  that  such  a  degree  of 
interchangeability  could  have  been  obtained  with  the  unilateral 
system,  but  he  claimed  that  the  adoption  of  the  bilateral  system 
enabled  him  to  get  into  quantity  production  of  these  engines  much 
earlier  than  could  have  been  the  case  with  the  unilateral  system, 
because  he  was  able  to  use  commercial  standard  reamers  which 
could  be  bought  "  over  the  counter."  These  invariably  had  a 
plus  and  minus  tolerance. 

He  thought  it  would  be  a  very  great  pity  if  the  unilateral  system 
were  adopted  as  a  standard,  because  he  felt  sure  that  such  a  standard 
would  simply  be  ignored  in  the  same  way  that  the  old  British 
Standard  limits  had  been,  in  which  standard  the  shaft  was  taken 
as  a  basis.  The  Engineering  Standards  Committee  of  that  day 
made  a  very  serious  blunder,  and  he  hoped  that  they  would  not  now 
make  an  equally  serious  blunder  in  adopting  the  unilateral  system. 
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Sir  Richard  Glazebrook  wrote  that  there  were  one  or  two 
matters  mentioned  in  the  Discussion  in  London  which  he  omitted 
to  notice  in  his  brief  reply  and  which  seemed  to  call  for  some 
remarks. 

Mr.  Taylor  was  mistaken  if  he  imagined  the  writer  expected 
a  draughtsman  to  have  recourse  continually  to  a  formula.  The 
tolerances  and  allowances  specified  would  be  fully  tabulated  ;  the 
formula  was  only  used — to  quote  Mr.  Taylor — "  to  get  harmony 
and  proportion  in  the  series." 

Again,  the  length  of  the  ranges  and  the  size  of  the  steps  were  both 
determined  by  definite  decisions  of  the  Committee,  and  Mr.  Dumas, 
in  his  remarks,  gave  the  reason  for  selecting  what  Mr.  Taylor 
considered  unnecessarily  small  increments.  If  we  were  going  to 
keep  the  tolerance  up  to  a  maximum,  it  meant  that  that  tolerance 
must  change  by  small  increments  as  the  diameter  changed  ;  two» 
gauges  were  required,  each  of  which  had  a  tolerance  of,  say,  0*0003 
inch.  We  might  provide  that,  over  the  range  3  inches  to  6  inches, 
there  was  a  difierence  between  them  of  0-004  inch  or  that,  from 
3  inches  to  4  inches,  the  difierence  was  0-003  inch,  from  4  inches 
to  5  inches  it  was  0-004  inch,  and  from  5  to  6  it  was  0-005  inch. 
In  either  case  the  difliculties  of  manufacture  were  the  same ;  in  the 
second  case  we  got  the  better  fits  and  the  greater  margin  for  wear. 
There  was  less  for  the  draughtsman  to  remember  in  the  first  case ; 
but  he  was  not  to  trust  his  memory  but  to  refer  to  his  Tables. 
Still,  if  Engineers  considered  the  ranges  too  short,  it  was  quite  easy 
to  increase  their  length.  He  might  remark,  however,  that  a 
reference  to  Fig.  2  (page  480)  reproduced  from  his  Thomas 
Hawksley  Lecture  showed  that,  in  the  principal  systems  already 
in  vogue,  steps  and  ranges  of  about  the  length  proposed  in  the 
draft  Report  had  been  adopted. 

This  led  to  a  further  point :  the  \/D  law  for  allowances.  It  was 
based  originally  on  the  practice  of  Messrs.  Armstrong  Whitworth, 
as  explained  by  Mr.  Matthews,  and  on  the  measurements  of  Mr. 
AttweU.  It  had  been  followed  in  all  the  existing  systems  and 
was  the  basis  of  the  proposals  recently  adopted  in  Germany  and 
Switzerland.     It  was  discussed   in   a  recent   paper   by  Dr.  Kuhn 
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(Zeits.  des  Ver.  deut.  Ingenieure),  and  he  stated  that  it  had  proved 
satisfactory  as  a  basis — other  laws  were  tried  and  rejected. 

The  question  of  reamers  was  raised  by  one  speaker.  The 
difficulty  could  be  met  by  a  suitable  specification  for  the  standard 
sizes  of  reamers,  and  it  was  understood  that  the  Committee  dealing 
with  this  question  were  prepared  to  frame  their  recommendations 
so  as  to  meet  it. 


May  1921. 


531 


Slje  Institution  d  ^Itdpml  Engineers. 


-^^ 


PROCEEDINGS. 


May  1921. 


An  Extra  General  Meeting  was  held  at  The  Institution, 
London,  on  Friday,  27th  May  1921,  at  Six  o'clock  p.m.;  Captain 
H.  RiALL  Sankey,  C.B.,  C.B.E.,  R.E.  (ret.),  President,  in  the  Chair. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 

The  President  announced  that  the  following  62  Candidates  had 
been  duly  elected  : — 

MEMBERS, 

Biggin,  Frank,   .......  Sheffield. 

BuLLELD,  Charles  Henry,  O.B.E.,  M.A.,  .  .  Nottingliain. 

Emerton,  .John  Robinson,   .....  Hull. 

Hekderson,  Thomas,  Major,  A.O.D.,   .  .  .  Melbourne. 

I'AifSON,  Hugh  Coventry,  Captain,  R.A.S.C,  .  London. 

Jenkins,  David,  ......  London. 

Kemish,  Herbert,         ......  Colombo. 

Parez,  AVilliam  Tempest,  Eng.-Conimr.,  R.N.,  ret.,  London. 

Penn,  Alfred  Edward,  Captain,  R.A.F.,  .  .  London. 

Stamford,     Alfred     Richard,     Major,     R.A.O.C., 

I.O.M., Dover. 

Windle,  Sydney  Robert,     .....  Doncaster. 


ASSOCIATE    MEMBERS. 


Almond,  WiUiam  Charles,   . 
Atkinson,  James  William, . 
Bannister,  Alfred  Harry  George, 
Barker,  Alfred  William  Kent, 
Burr,  Percy  Sellers,   . 
Carr,  Reginald  Sidney, 
CoADE,  LoftuB  George, 


Woolwich. 

Sunderland. 

Croydon. 

Cambridge. 

Croydon. 

London. 

Birmingham. 
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David,  William  Thomas,  M 
DoNKiN,  Cyril  Bryan, 
DuNELL,  Hubert,  O.B.E., 
Dyson,  Fred, 
Fenner,  Louis  Archibald, 
GoACHER,  Walter, 
Harris,  Harry  Edwin, 
KiBKE,  Percy  St.  George,  M 
Lin  CARD,  Alexander,  . 
MacIvor,  Douglas  Tait, 
Maclean,  John, 
Mather,  Raymond  Alexis, 
Petrie,  Paul  Telford, 
Sadler,  Robert  William, 
Trost,  Henry  Rudolf, 
Wild,  William  Robert, 
Withers,  George  Mould,  M 


A.,  D.Sc. 


A., 


B.E., 


Cardiff. 

Birmingham. 

London. 

Halifax. 

London. 

Stoke-on-Trent. 

Newcastle-on-Tyno. 

London. 

Lincoln. 

Greenhithe. 

Port  Said. 

Bara  Hapjan  P.O. 

Manchester. 

London. 

Coventry. 

Colombo. 

Birmineham. 


associates. 


Hartfree,  George  Bertram, 
HoEY,  George  MeCausland, . 


Godalming. 
Allahabad. 


graduates. 


Ackery,  Edward  MolvUle,  A.F.C 
Beer,  Edward  Valentine,    . 
Bird,  George,     ... 
BoxALL,  Thomas  George  William 
Braham,  Jolrn  Edgar, 
Bridgman,  Rex  Labdon, 
BucKA,  Philip,   . 
CoLLOT,  Henry  Gordon, 
Deacon,  Henry  James, 
DiMMOCK,  Alfred  Lancelot, . 
Griffiths,  Arnold  Wilmot, . 
Hawksworth,  John  William  Mar 
Hedley,  Raymond  Cecil  Hall, 
Hurley,  Philip, 
Jones,  John  Cyril, 
Lyon,  Gerald,     . 
Manchee,  Henry  Victor, 
Millar,  Raymond  Henry,  . 
Mitchell,  Alexander  Millar, 
PuRNELL,  Howard  George,  . 
Scotland,  Lawrence  James, 
SouzA,  Manuel  Chambers  de, 
Staff,  Sidney  Hartley, 
Tamplin,  George  HoE, 
Waters,  Herbert  Reginald,  B.Sc 


tin, 


London. 

London. 

London. 

Reading. 

London. 

Paignton. 

London. 

London. 

London. 

London. 

Pembroke  Dock. 

London. 

London. 

London. 

Loughborough. 

Manchester. 

London. 

London. 

London. 

Loughborough . 

London. 

Bournemouth. 

London. 

London. 

Wakefield. 
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The  President  announced  that  the  following  two  Transferences 
had  been  made  : — 

Associate  Memher  to  Member. 

Webb,  Herbert  Arthur,     ......     London. 

Williamson,  Edward, London. 


A  Lecture  *  on  "  The  World's  Money  System  "  was  then  delivered 
by  Mr.  J.  G.  Graves,  of  Sheffield. 


On  the  motion  of  Dr.  H.  S.  Hele-Shaw,  F.R.S.,  Vice-President, 
seconded  by  Mr.  William  H.  Patchell,  Vice-President,  a  hearty 
vote  of  thanks  was  accorded  to  Mr.  Graves. 


The  Meeting  terminated  at  about  Half-past  Seven  o'clock.     The 
attendance  was  54  Members  and  7  Visitors. 


*  This  Lecture  will  not  be  published  in  the  Proceedings. 
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George  Allan  was  born  at  Aberdeen  on  18tb  August  1838. 
He  served  his  apprenticeship  at  the  Elswick  Works,  Newcastle-on- 
Tyne,  and  became  works  manager  of  the  Ordnance  Department. 
In  1875  he  took  up  the  post  of  general  manager  of  the  Savile  St. 
Foundry  and  Engineering  Co.,  Sheffield,  which  he  held  until  1883, 
when  he  became  managing  director  of  the  New  British  Iron  Co.,  near 
Birmingham.  While  there  he  brought  out  a  composite  steel-plate, 
used  for  burglar-proof  safes,  etc.  In  1894  he  left  the  jMidlands  and 
was  engaged  for  some  years  in  London  with  a  firm  of  consulting 
engineers,  after  which  he  was  employed  with  the  Bowesfield  Steel 
Co.,  at  Stockton,  until  his  retiremenfc  in  1907.  His  death  took  place 
at  Jesmond,  Newcastle-on-Tyne,  on  11th  January  1921,  in  his  eighty- 
third  year.     He  became  a  Member  of  this  Institution  in  1875. 

WiLLLAM  MiLWARD  Allen  was  born  in  York  in  1841.  He  was 
educated  at  Bramham  CoUege,  Yorkshire,  and  served  an  apprentice- 
ship of  five  years  at  the  locomotive  works  of  the  North  Eastern 
Railway  at  York.  From  1861  to  1866  he  was  in  the  Company's 
drawing-office  and  assistant  to  the  locomotive  engineer.  In  the 
latter  year  he  was  engaged  under  the  late  ]\Ir.  R.  B.  Longridge, 
Chief  Engineer  of  the  Boiler  Insurance  and  Steam  Power  Co.,  Ltd., 
Manchester,  and  in  1879  he  was  appointed  an  assistant  engineer  of 
the  Boiler  Department  of  the  Company.  This  position  he  held 
until  his  retirement  in  1906.  His  death  took  place  in  Manchester 
on  11th  June  1920,  at  the  age  of  seventy-nine.  He  became  a  Member 
of  this  Institution  in  1882. 

Thomas  Ashbury  was  born  at  Davyhulme,  near  Manchester, 
on  9th  February  1836.  He  was  the  oldest  member  of  the  engineering 
profession  in  the  Manchester  district,   and  for  54  years  he  was 
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identified  with  the  Manchester  Association  of  Engineers,  holding 
the  office  of  President  in  1883-4.  He  was  at  one  time  general 
manager  of  the  Ashbury  Carriage  Co.,  Openshaw,  Manchester.  His 
death  took  place  in  Manchester  on  11th  September  1920,  in  his 
eighty-fifth  year.  He  became  a  Member  of  this  Institution  in  1873  ; 
he  was  also  a  Member  of  the  Institution  of  Civil  Engineers. 

Jabez  Attwood  was  born  in  1844.  He  served  his  apprenticeship 
with  AVestwood  and  Wright,  of  Dudley,  from  1858  to  1864,  and  then 
went  as  improver  to  James  Watt  and  Co.,  Soho,  Birmingham.  Two 
years  later  he  was  employed  at  the  Great  Western  Railway  Works, 
Wolverhampton,  and  in  1876  entered  into  partnership  with  Mr. 
W.  Jones,  of  Stourbridge,  as  heating  and  ventilating  engineers. 
The  partnership  having  been  dissolved  in  1886,  Mr.  Attwood 
continued  at  his  works  in  Stourbridge,  and  was  the  inventor  of 
many  improvements  in  valves,  joints,  radiators,  etc.  His  death 
took  place  at  Stourbridge,  after  an  operation,  on  1st  December  1920, 
in  his  seventy-seventh  year.  He  became  a  Member  of  this 
Institution  in  1898. 

Sir  James  Benjamin  Ball  was  born  at  Cowes,  Isle  of  Wight,  on 
9th  March  1867.  He  was  articled  to  Mr.  Joseph  Hall,  Civil  Engineer, 
and  began  his  career  on  the  stafi  of  the  Great  Northern  Railway 
in  1890.  In  1895  he  was  engaged  under  Mr.  Elliott-Cooper  (afterwards 
Sir  Robert  Elliott-Cooper,  K.C.B.)  as  resident  engineer  on  the 
construction  of  the  Lancashire,  Derbyshire,  and  East  Coast  Railway 
and  became  engineer  to  that  line  in  1899.  On  the  absorption  of 
that  railway  by  the  Great  Central  Railway  in  1907,  Mr.  Ball  (as 
he  then  was)  was  appointed  assistant  engineer  for  new  works  to 
the  Great  Central  Railway  Co.,  and  whilst  holding  that  position 
was  mainly  responsible  for  most  of  the  important  civil  engineering 
works  carried  out,  including  the  rebuilding  of  the  Carriage  and 
Wagon  Works  at  Dukinfield,  the  Gravity  Concentration  Yard  at 
Wath,  the  Ardwick  and  Hyde  Junction  and  Torside  to  Woodhead 
Widenings,  and  the  lay-out  of  the  permanent-way,  bridges  and 
equipment  works  in  connexion  with  the  new  deep-water  dock   at 
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Immingham  then  under  construction.  This  latter  included  the 
power  station  and  ferroconcrete  granary,  as  well  as  a  large  number 
of  ferro-concrete  bridges  both  there-  and  elsewhere  on  the  Great 
Central  system.  In  1911  he  was  appointed  Engineer-in-Chief  of  the 
Railway.  Chief  amongst  his  works  in  this  capacity  may  bo  mentioned 
the  new  railway  and  roadway  bridge,  over  tlie  River  Trent  at  Keadby, 
in  which  he  was  the  first  engineer  in  this  country  to  adopt  the 
Scherzer  principle  for  a  bridge  of  that  magnitude,  which  contains 
an  opening  span  of  IGO  feet  and  is  the  largest  and  heaviest  lifting 
span  in  Europe,  having  a  total  moving  mass  of  over  3.000  tons. 
In  1917  he  severed  his  connexion  with  the  Great  Central  Railway 
to  succeed  the  retiring  chief  engineer  of  the  London,  Brighton  and 
South  Coast  Railway  in  a  similar  position,  but  his  services  were 
very  quickly  requisitioned  by  ihe  Government  as  Controller  of 
Timber  supplies,  and  his  valuable  services  in  that  capacity  were 
rewarded  by  the  honour  of  knighthood  in  1918.  His  death  took 
place  suddenly  from  heart  failure  on  16th  September  1920,  at  the 
age  of  fifty-three.  He  became  a  Member  of  this  Institution  in  1914  ; 
he  was  also  a  Member  of  the  Institution  of  Ci\al  Engineers. 

Arthur  Edward  Bexxett  was  born  at  Leicester  on  2Sth  June 
1873.  He  was  educated  at  Mill  Hill  School,  London,  and  at  the  City 
and  Guilds  of  London  College.  After  serving  an  apprenticeship 
of  three  years  with  Messrs.  Gimson  and  Co.,  Leicester,  he  became 
a  partner  in  the  firm  of  Webster  and  Howarth,  machine-tool  makers, 
Coventry,  of  which  the  firm  of  Webster  and  Bennett,  Ltd.,  is  the 
successor.  His  death  took  place  at  Leicester  on  8th  July  1920,  at 
the  ase  of  forty-seven.  He  became  a  Member  of  this  Institution 
in  1902. 

ToMYXS  Regixald  Browxe,  M.B.E.,  was  born  in  Jersey,  C.I., 
on  30th  August  1854.  He  received  his  technical  training  in  the 
locomotive  works  of  the  ]\Iidland  Railway  at  Derby,  and  then  joined 
the  inspecting  staff  of  Sir  A.  M.  Rendel  and  Sons,  Westminster, 
consulting  engineers  to  the  India  OflBce  for  Indian  State  and 
Company-worked  railways.     In  1878  he  went  to  India  as  assistant 
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district  locomotive  superintendent  on  the  East  Indian  Railway, 
becoming  in  due  course  district  loco,  superintendent,  and  deputy 
locomotive  superintendent.  In  1898  he  was  appointed  rolling  stock 
superintendent  at  Howrah,  and  planned  and  equipped  the  new 
Carriage  and  Wagon  Works  at  Lilloah,  introducing  electric  drive. 
Four  years  later  he  returned  to  Jamalpur,  becoming  Locomotive 
Superintendent,  and  h(>ld  this  position  until  his  retirement  in  1908. 
He  retired  from  the  East  Indian  Railway  Volunteer  Rifles  with 
the  rank  of  Lieut. -Colonel,  and  held  the  Volunteer  Officers' 
Decoration.  During  the  War  he  was  engaged  at  Woolwich  Arsenal, 
under  the  Ministry  of  Munitions,  for  which  services  he  was  made  a 
Member  of  the  Order  of  the  British  Empire.  His  death  took  place 
suddenly  at  Tcnterden  on  1  Ith  December  1920,  at  the  age  of  sixty 
six.  He  became  a  Graduate  of  this  Institution  in  1874  and  a 
Member  in  1879. 

Charles  John  Bowen  Cooke,  C.B.E.,  was  born  near 
Peterborough,  on  11th  January  1859,  and  was  educated  at  the 
Preparatory  School,  Cheltenham,  and  King's  College  School, 
London,  and  later  on  the  Continent.  He  entered  the  Crewe 
Locomotive  Works  as  a  premium  apprentice  in  1875,  and  afterwards 
became  a  pupil  of  the  late  Mr.  F.  W,  Webb.  On  the  completion  of 
his  pupilage  he  was  appointed  assistant  to  the  Superintendent  of  the 
Running  Department  of  the  Southern  Division  of  the  L.  and  N.W. 
Railway,  and  was  afterwards  assistant  to  Mr.  G.  Whale,  when  he 
took  over  the  entire  control  of  the  Running  Department.  When 
Mr.  Whale  was  made  Chief  Mechanical  Engineer,  Mr.  Cooke  became 
Superintendent  of  the  Rimning  Department,  Southern  Division, 
and  on  Mr.  Whale's  resignation  in  1909,  he  was  appointed  Chief 
Mechanical  Engineer. 

Mr.  Cooke  was  responsible  for  the  introduction  of  mechanical 
coaling  and  ash-handling  plants  on  British  Railways  ;  also  of 
4-cylinder  simple  locomotives  on  the  L.  and  N.-W.  Raihvay,  and 
many  new  classes  of  engines,  of  which  probably  the  most  famous  is 
the  "  Sir  Gilbert  Claughton  "  class,  brought  out  in  1913.  During  the 
War  he  was  a  member  of  the  W^ar  Manufactures  Sub- Committee  Qf 
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the  Railway  Executive  Committee,  in  which  capacity  he  performed 
valuable  services  to  the  country,  and  a  member  of  the  Machinery 
and  Metals  Committee  of  the  Inventions  Panel  appointed  by  the 
Ministry  of  Munitions.  At  Crewe  a  type  of  tractor  was  developed  out 
of  a  Ford  car,  armoured  trains  were  built,  a  great  deal  of  forged  and 
other  work  turned  out  in  addition  to  small  material,  overhead  cranes, 
rails,  etc.  He  served  on  several  Committees  connected  with  the 
Railw^ay  Executive  Committee,  the  Ministry  of  Munitions,  and 
Ministry  of  Transport.  He  paid  several  visits  to  France  during  the 
War  in  connexion  with  the  working  of  the  military  railways,  and 
visited  America  in  1917  to  purchase  material  for  British  Railways. 
Besides  numerous  articles  on  railway  engineering  subjects,  he 
wrote  several  books  on  locomotives  which  were  accepted  as  standard 
works,  and  played  an  important  part  in  the  training  of  students. 
He  was  iMayor  of  Crewe  during  1918-19,  and  served  on  the  Cheshire 
County  Council.  He  was  also  a  Justice  of  the  Peace,  and  Major 
in  the  Engineer  and  Railway  Staff  Corps,  R.E.  (T.F.).  Early  in 
1918  the  King  conferred  upon  Mr.  Cooke  the  Commandership  of 
the  British  Empire  in  recognition  of  his  services  to  the  country. 
His  death  took  place  at  Falmouth  on  18th  October  1920,  in  his 
sixty-second  year.  He  became  a  Member  of  tthis  Institution  in 
1912  ;   he  was  also  a  Member  of  the  Institution  of  Civil  Engineers. 

Frederick  Lister  Croft  was  born  in  Bradford  on 
30th  September  1857.  He  was  educated  at  local  schools,  and 
commenced  work  in  Bradford  at  an  early  age.  With  the  exception 
of  a  short  period  in  the  United  States,  he  spent  the  whole  of  his 
business  career  in  that  city.  At  the  age  of  twenty-nine  he  founded 
The  Patent  Pulley  Co.,  Croft  and  Perkins,  power  transmission 
specialists,  now  styled  Cxofts  (Engineers),  Ltd.,  Thornbury, 
Bradford.  The  company  commenced  with  the  manufacturing  of 
Mr.  Croft's  wrought -iron  pulley,  the  original  staff  consisting  of  four 
men.  The  business  grew  very  rapidly,  and  at  his  death  the  works 
covered  ten  acres  and  employed  over  1,000  hands.  During  his 
career  he  held  many  important  offices,  namely.  President  of  the 
Bradford   Engineering   Employers'   Federation,   Chairman   of    the 
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Engineering  Section  of  the  Bradford  Chamber  of  Commerce,  and  he 
had  been  a  Member  of  the  City  Council.  His  death  took  place  at 
Morecambe  on  5th  November  1920,  at  the  age  of  sixty-three.  He 
became  a  Member  of  this  Institution  in  1903. 

Reginald  Thomas  Green  Cross  was  born  on  15th  December 
1866,  and  served  an  apprenticeship  in  the  works  of  the  London  and 
North- Western  Railway  at  Crewe.  In  1893  he  went  to  Assam  as 
engineer  and  assistant  manager  to  the  Brahmapootra  Tea  Co.,  and 
during  the  following  years  he  was  engaged  in  a  similar  capacity  on 
various  tea  estates.  His  death  took  place  suddenly  in  Assam  on 
24th  May  1920,  at  the  age  of  fifty-three.  He  became  an  Associate 
Member  of  this  Institution  in  1905. 

Robert  Scott  Easton  was  born  in  Glasgow  on  28th  March 
1873.  He  was  educated  at  the  Glasgow  and  West  of  Scotland 
Technical  College,  and  served  an  apprenticeship  of  six  years  with 
F.  Braby  and  Co.,  Ltd.,  Glasgow.  On  its  completion  in  1892  he 
was  engaged  in  the  drawing-office  of  Francis  Morton  and  Co.,  Ltd., 
Liverpool,  for  five  years,  and  in  1897  became  chief  works 
draughtsman  to  A.,and  J.  Main  and  Co.,  Ltd.,  Glasgow.  He  went 
to  India  in  1901  as  engineering  draughtsman  with  Burn  and  Co., 
Ltd.,  Howrah,  and  acted  in  a  similar  capacity  with  Jessop  and  Co., 
Ltd.,  Calcutta,  from  1902-6,  when  he  took  up  the  post  of  engineering 
draughtsman  with  Geo.  Gahagan  and  Co.,  Bombay.  Three  years 
later  he  became  General  Manager  to  Turnbull  Brothers,  Ltd., 
Calcutta,  for  whom  he  carried  out  several  large  contracts.  His 
death  took  place  on  4th  October  1920,  at  the  age  of  forty-seven. 
He  became  an  Associate  Member  of  this  Institution  in  1910. 

David  Corse  Glen  was  born  in  1863,  and  was  educated  in 
Glasgow.  He  served  his  apprenticeship  from  1879  to  1884  with 
Glen  and  Ross,  Greenhead  Engine  Works,  Glasgow,  where  he  was 
afterwards  employed  as  assistant  foreman.  During  that  period  he 
also  attended  technical  classes  at  the  Andersonian  College.  From 
1886  to  1891  he  was  engaged  as  draughtsman  successively  at  the 
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Clyde  Loco.  Co.,  Duncan  Stewart  and  Co.,  Alley  and  MacLellan, 
and  Watson,  Laidlaw  and  Co.,  all  of  Glasgow.  He  then  entered 
into  partnership  in  the  Ingliston  Foundry  Co.,  Greenock,  and  in 
1895  was  appointed  advisory  and  purchasing  engineer  on  the  staff 
of  Matheson  and  Co.,  London,  resigning  this  position  in  1910  and 
commencing  practice  as  a  consulting  engineer.  In  1915  he  was 
appointed  advisory  engineer  and,  later,  general  manager  to 
J,  Whittall  and  Co.,  Ltd.,  but  returned  to  private  practice  in  1919. 
For  many  years  he  was  also  a  director  of  Macfarlane,  Strang  and 
Co.,  Ltd.,  Glasgow.  His  death  took  place  on  l-4th  August  1920,  at 
the  age  of  fifty -seven.  He  became  a  Member  of  this  Institution 
in  1898. 

Wilson  Hartxell  was  born  at  Stroud,  Glos.,  on  27th  June 
1839.  He  spent  his  boyhood  at  St.  IMary,  Scilly  Isles,  where  his 
father  was  for  some  time  curate-in-charge,  and  from  whom  he  gained 
his  scientific  knowledge.  He  served  his  apprenticeship  with  ^lessrs. 
Ferraby,  of  Stroud,  and  from  there  he  went  to  Messrs.  Bryan 
Donkin,  of  Bermondsey,  and  later  to  the  drawing  office  of  Messrs. 
Sharp,  Stewart  and  Co.,  Manchester.  After  some  time  spent  in 
Edinburgh,  and  with  Messrs.  Kitson  and  Co.,  of  Leeds,  he  began 
in  business  for  himself  at  the  Volt  Works,  Leeds,  in  1871.  Among 
his  many  inventions  may  be  mentioned  the  Hartnell  Governor,  on 
which  subject  he  read  a  Paper  before  this  Institution  in  1882.  In 
January,  1920,  he  retired  from  active  work.  His  death  took  place 
in  Leeds  on  10th  November  1920,  at  the  age  of  eighty-one.  He 
became  a  Member  of  this  Institution  in  1872. 

Jacob  Hig.sox  was  born  at  Clifton.  Lanes.,  on  29th  March  1837. 
and  was  educated  at  the  Owens  College.  After  seeing  service  in 
the  Crimean  War,  he  returned  to  Manchester,  and  founded  the  firm 
of  J.  and  P.  Higson,  mining  engineers,  of  which  he  was  the  senior 
partner.  He  assisted  in  laving  the  first  electric  cable  between  the 
British  Isles  and  America  in  1858,  but  his  work  lay  principally  with 
raining.  He  was  prominently  connected  with  the  Lancashire  coalfield 
and  with  the  collieries  of  South  Wales,  and  was  a  director  of  many 
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mining  companies  with  interests  in  Spain,  Portugal,  North  and 
South  America,  and  South  Africa.  His  death  took  place  at 
Northwood,  Middlesex,  on  18th  November  1920,  in  his  eighty -fourth 
year.  He  became  a  Member  of  this  Institution  in  1879  ;  he  was  also 
a  Member  of  the  Institutions  of  Civil  Engineers  and  Mining  Engineers. 

James  Huxter  was  born  at  Oakbank,  Midlothian,  on 
4th  February  1871.  His  early  education  was  received  at  a  local 
school,  and  in  1884  he  became  an  apprentice  fitter  at  the  works  of 
Henry  Balfour  and  Co.,  Ltd.,  Leven,  Fife,  and  remained  in  their 
employment  until  1894.  During  the  next  six  years  he  acted  as 
marine  engineer  with  the  British  India  S.N.  Co.,  subsequently 
obtaining  a  1st  Class  Engineer's  Certificate.  In  1899  he  re-entered 
the  employment  of  H.  Balfour  and  Co.,  as  draughtsman,  becoming 
chief  draughtsman  in  1903,  which  post  he  held  until  1912,  when  he 
was  appointed  works  manager.  In  1919  he  was  appointed  General 
Manager,  holding  the  ])osition  until  his  death,  which  took  ])lace  at 
Leven  on  9th  June,  1920,  at  the  age  of  forty-nine.  He  became  a 
Member  of  this  Institution  in  1917. 

Arthur  Henry  Carleton  L'Estrange  was  born  at  Kevinsfort, 
Sligo,  on  8th  July  1866.  He  served  an  apprenticeship  of  five 
years  with  Messrs.  Harland  and  Wolff,  Belfast,  and  of  two  years 
with  Messrs.  Scott  Eussell,  Loughborough.  He  then  went  to  sea 
for  eight  years  and  obtained  the  Board  of  Trade  Certificate  as 
Extra  1st  Class  Engineer,  when  he  started  in  business  in  London  as 
Superintendent  Engineer  and  Surveyor.  In  1905  he  opened  works 
in  London  as  a  motor  engineer,  and  later  in  Dublin  and  Sligo,  in 
which  latter  place  he  developed  a  .sy.stem  of  motor  tillage.  On  the 
outbreak  of  the  War  he  organized  and  managed  recruiting  tours, 
and  then  engaged  in  the  manufacture  of  munitions  at  his  works  in 
Sligo.  In  1917  he  was  appointed  a  consulting  engineer  to  the 
Director  of  Naval  Ordnance,  and  was  demobilized  in  July,  1919. 
His  death  took  place  suddenly  at  Ardnagary,  Sligo,  on  16th 
December   1920,    at    the    age    of    fifty-four.     He    was    elected   a 
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Member  of  this  Institution   in    1905,  and  was    a   Member  of   the 
Institution  of  Naval  Architects. 

Sir  John  McLaren,  K.B.E.,  was  born  at  Hylton  Castle,  near 
Sunderland,  on  1st  April  1850.  He  was  educated  privately,  and 
in  1866  was  apprenticed  to  Messrs.  Black,  Hawthorn  and  Co., 
Gateshead,  makers  of  locomotives,  mining  and  marine  machinery. 
On  the  completion  of  his  time  he  became  manager  of  the  Ravensthorpe 
Engineering  Co.,  of  Mirfield,  Yorks,  and  in  1876,  in  partnership  with 
his  brother  Henry,  he  founded  the  firm  of  J.  and  H.  McLaren, 
Midland  Engine  AVorks,  Leeds,  of  which  he  was  the  Chairman  at 
the  time  of  his  death.  He  became  a  prominent  member  of  the 
Engineering  Employers'  Federation,  and  at  one  time  was  Chairman 
of  the  Agricultural  Engineers'  Association.  He  served  on  the  Royal 
Commission  for  the  International  Exhibitions  at  Brussels,  Turin, 
and  Rome,  and  was  President  of  the  Leeds  Chamber  of  Commerce  in 
1918-19.  Soon  after  the  outbreak  of  the  War  he  became  Chairman 
of  the  Board  of  Management  of  the  first  National  Ordnance  Factories, 
which  were  started  in  Leeds  before  the  foundation  of  the  i\Iinistry  of 
Munitions.  For  his  services  in  connexion  with  this  work  he  was 
created  a  Knight  of  the  Order  of  the  British  Empire  in  1919.  He 
was  also  a  Justice  of  the  Peace.  His  death  took  place  in  Leeds  on 
12th  October  1920,  at  the  age  of  seventy.  He  became  a  Member 
of  this  Institution  in  1903. 

Cree  Maitlaxd  was  born  in  Glasgow  on  12th  June  1865.  He 
was  educated  at  Dollar  and  Glasgow  Academies.  For  two  years  he 
was  apprenticed  to  electrical  engineering  with  Anderson  Munro, 
which  firm  was  the  first  to  light  up  a  private  house  in  Scotland  with 
electricity.  He  then  served  an  apprenticeship  at  the  locomotive 
works  of  Diibs  and  Co.,  Glasgow,  and  of  the  Caledonian  Railway  Co. 
After  two  years'  travelling  in  New  Zealand  and  Australia  he  was 
appointed  in  1890  manager  and  locomotive  superintendent  of  the 
Sungei  Ujong  (Malay  Peninsula)  Railway  Co.,  which  position  he 
held  for  ten  years.  He  then  became  manager  in  Scotland  for 
L.  Loewe  and  Co.,  of  London  and  Berlin,  and  six  years  later  took 
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lip  the  position  of  general  manager  of  the  Glasgow  Crane  Works, 
resigning  in  October,  1910.  He  was  always  interested  in  lubrication 
matters,  and  formed  a  company  in  1912 — The  Menno  Compressed- 
Air  Grease-Cup  Co.,  Ltd. — for  the  manufacture  of  compressed-air 
lubricators  pressed  out  of  steel  and  brass,  becoming  managing 
director.  This  position  he  held  until  his  death,  which  took  })lace  in 
London  on  1st  July  1920,  at  the  age  of  fifty-five.  He  was  a  Member 
of  this  Institution  from  1898  to  1907,  and  was  re-elected  in  1913. 

The  Right  Hon.  Sir  William  Mather,  LL.D.,  was  born  in 
Manchester  on  15th  July  1838.  When  only  twelve  years  of  age  he 
persuaded  his  father  to  allow  him  to  commence  his  apprenticeship 
at  the  Salford  Ironworks,  which  had  been  founded  more  than  a 
century  ago.  Three  j'ears  later  he  was  sent  to  the  Continent 
to  continue  his  education,  and  after  a  year  or  two  he  returned  to 
Salford  to  complete  his  apprenticeship.  At  the  age  of  twenty  he 
assisted  in  the  nianagement,  and  four  years  later  was  admitted  a 
])artner  witji  his?  uncle,  Colin  Mather,  and  William  Piatt.  At  the 
age  of  thirty,  the  elder  partners  having  retired,  lie  took  over  the 
entire  control  of  the  business,  and  subsec^uently  took  into  partnership 
Mr.  John  Piatt.  He  was  the  first  amongst  British  manufacturers 
to  establish  the  forty-eight  hours  week  in  1893.  He  was  an  authority 
on  every  detail  connected  with  the  original  line  of  business  of  the 
firm,  the  manufacture  of  machinery  for  the  e([uipment  of  calico 
bleaching,  ])rinting,  dyeing,  and  finishing  works,  and  many  of  liis 
inventions  are  in  general  use  to-day.  He  was  a  great  authority  on 
Artesian  Well  Boring,  on  which  subject  he  contributed  a  Paper* 
to  this  Institution.  In  order  to  increase  the  business  of  his  firm 
he  travelled  extensively,  both  in  Russia  and  the  United  States. 
In  the  latter '  country  in  1883  he  made  a  detailed  study  of  the 
means  for  technical  education  on  behalf  of  the  British  Government, 
and  the  result  of  his  inquiries  was  largely  instrumental  in  the 
introduction  of  the  Technical  Instruction  Bill  of  1889,  which  Mr. 
Mather,  then  in  Parliament,  did  much  to  place  on  the  Statute  Book. 

»  Proceedings  I.Mech.E.,  1869,  p.  278. 
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When  electrical  engineering  was  in  its  infancy  he  acquired  the 
manufacturing  rights  in  the  Edison  dynamo,  and  started  an 
electrical  department  at  the  Salford  Iron  Works.  This  invention 
was  soon  improved  greatly  by  the  late  Dr.  John  Hopkinson  and  his 
brother,  Dr.  Edward  Hopkinson  (Past-President).  On  his  last  visit 
to  the  United  States,  when  he  received  the  degree  of  LL.D.  at 
Princeton  University,  he  obtained  the  rights  for  manufacturing 
a  reinforced-concrete  construction,  which  has  developed  into  the 
Indented  Bar  and  Concrete  Engineering  Co.,  Ltd.  In  1891  he 
established  the  Chloride  Electrical  Storage  Co.,  and  in  1895  he 
founded  the  Castner-Kellner  Co.,  for  the  manufacture  of  caustic  soda 
and  chlorine  electrolytically,  and  of  each  was  the  first  chairman. 
In  1889  the  first  London  tube  railway,  known  at  that  time  as  the 
City  and  Southwark  Subway,  was  under  construction,  and  the 
intention  was  to  work  it  by  wire  rope  A  scheme  was  prepared 
by  Dr.  Edward  Hopkinson,  at  that  time  Mr.  Mather's  junior 
partner,  for  working  the  line  by  electric  locomotives,  which  was 
carried  out  by  Messrs.  Mather  and  Piatt,  and  the  line  was  opened 
for  traffic  in  1890  by  King  Edward,  then  Prince  of  Wales.  This 
line  was  afterwards  extended  and  known  as  the  City  and  South 
London  Railway.  He  took  a  great  interest  in  educational  matters, 
and  as  early  as  1873  he  started  the  Salford  Iron  Works  Science 
School,  at  which  all  the  apprentices  were  required  to  attend  in  the 
evenings.  He  was  the  first  President  of  the  Association  of  Technical 
Institutions.  In  1902  he  received  the  honour  of  Knighthood,  and 
1910  he  became  a  Privy  Councillor.  His  death  took  place  at 
Bramble  Hill  Lodge,  his  residence  in  the  New  Forest,  on  18th 
September  1920,  at  the  age  of  eighty-two.  He  became  a  Member 
of  this  Institution  in  18G7. 

Raymond  Payne  was  born  at  Brampton,  Northamptonshire, 
on  27th  June  1875.  He  was  educated  at  Ackworth  and  Sidcot 
Schools,  and  later  at  the  Northampton  Technical  School.  His 
apprenticeship  was  served  with  Grose,  Norman  and  Co.,  Northampton, 
and  he  then  spent  two  years  in  the  shops  of  Eraser  and  Chalmers, 
Erith.    In  1897  he  visited  the  West  Australian  Goldfield,  and  from 
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there  went  to  New  Zealand  to  join  his  brother,  F.  W.  Payne,  who 
was  employed  on  dredge-designing  for  alluvial  gold  in  New  Zealand. 
Having  supervised  the  construction  in  New  York  of  gold-dredging 
plant  for  New  Zealand,  he  returned  to  London,  and  became  a 
partner  in  the  firm  of  F.  W.  Payne  and  Co.,  dredge-mining  engineers, 
of  London  and  Dunedin.  He  designed  some  of  the  largest  tin 
dredges  operating  in  the  Malay  States.  His  death  took  place  at 
Westcliil-on-Sea,  after  a  long  illness,  on  13th  June  1920,  in  his 
forty-fifth  year.  He  became  an  Associate  Member  of  this 
Institution  in  1905,  and  a  Member  in  1915. 

John  Tebbutt  Plowright  was  born  at  Nottingham  on  27th 
July  1869.  He  received  his  scholastic  education  at  Gosberton  Hall, 
Lincolnshire,  and  at  Nottingham  High  School.  In  1885  he  commenced 
his  apprenticeship  with  Messrs.  Sharp,  Stewart  and  Co.,  Manchester, 
and  concluded  it  with  Messrs.  J.  and  G.  Thompson,  Clydebank. 
He  then  joined  Messrs.  Thomas  Wilson  and  Sons,  of  Hull,  as  sea- 
going engineer,  and  sailed  with  them  for  nine  years.  In  1900  he 
became  chief  engineer  in  the  marine  department  of  the  Southern 
Nigerian  Protectorate,  and  was  for  nine  years  chief  of  the  Government 
yacht  "  Ivy."  He  took  an  important  part  in  the  suppression  of  the 
Bibicala  rising  in  1903,  for  which  he  received  the  King  Edward 
Medal  for  gallantry.  In  1911  he  retired  owing  to  ill-health  contracted 
through  the  climatic  conditions  of  the  country.  For  a  period  during 
the  AVar  he  served  as  a  Government  Inspector  in  the  Aeronautical 
Department.  After  prolonged  ill-health  his  death  took  place  at 
Hull  on  10th  September  1920,  at  the  age  of  fifty-one.  He  became 
a  Member  of  this  Institution  in  1912 

Captain  Percy  Townley  Eawlings,  D.S.C,  R.A.F.,  was  born  on 
22nd  September  1887.  He  was  educated  at  Westminster  School  and 
Cambridge  University,  where  be  obtained  honours  in  the  Mechanical 
Sciences  Tripos.  In  1910  he  went  to  Woolwich  Arsenal  as  advanced 
workshop  student,  and  in  the  following  year  he  obtained  a 
Commission  in  the  Royal  Engineers  (S.R.).  In  1912  he  entered  the 
Public  Works  Department  of  the  Sudan  Government,  and  during 
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1913-14  acted  as  engineer  to  the  Egyptian  Irrigation  Service  on 
the  construction  of  the  Blue  Nile  Dam.  On  the  outbreak  of  the  War 
he  was  sent  to  France,  as  Lieut.  R.E.,  in  the  2nd  Field  Co.,  being 
transferred  in  the  following  year  to  the  K.N.V.K.,  for  engineering 
duties  with  the  R.N.A.S.  In  1917  he  flew  to  Constantinople  in  a 
Handley-Page  machine,  and  bombed  the  Goehen,  for  which  he 
received  the  D.S.C.  His  death  took  place,  as  the  result  of  an 
aeroplane  accident,  on  26th  May  1919,  at  the  age  of  thirty-one. 
He  became  an  Associate  Member  of  this  Institution  in  191G. 

Frederick  George  Ross  was  born  at  Basingstoke  on  5th  April 
1849.  He  served  an  apprenticeship  at  the  Mina  de  Santo  Domingo, 
Portugal,  and  completed  it  at  the  Salisbury  Iron  Works,  Salisbury. 
He  next  returned  to  Portugal  as  engineer  and  millwright  at  Oporto 
for  a  short  time,  and  then  sailed  as  engineer  on  various  steamers, 
subsequently  becoming  chief  engineer  to  Messrs.  Rathbone  Brothers 
on  the  Star  Line  of  steamers.  After  holding  for  a  short  time  the 
post  of  superintendent  engineer  to  the  Perim  Coal  Co.,  Perim,  he 
was  appointed  engineer-in-charge  of  the  Indian  Manufacturing  Co.'s 
mills  at  Bombay.  In  1901  he  started  in  business  in  Bombay  as 
consulting  engineer  and  acted  as  Lloyd's  Surveyor.  His  death  took 
place  at  Bombay  on  25th  March  1920,  in  his  seventy-first  year. 
He  became  an  Associate  Member  of  this  Institution  in  1901. 

Harold  Smith,  M.B.E.,  was  born  at  Blackpool  on  3rd  June 
1879,  and  was  educated  at  King  William's  College,  Isle  of  Man. 
He  served  his  apprenticeship  at  the  Salford  Iron  Works  of  Messrs. 
Mather  and  Piatt,  Ltd.,  and  on  its  completion  in  1904  became 
works  manager  of  their  electric  motor  department.  During  this 
latter  period  he  was  largely  responsible  for  the  removal  of  the  firm's 
electrical  manufacturing  departments  to  the  Park  Works,  Newton 
Heath.  In  1907  he  went  to  Canada,  and  worked  as  assistant 
superintendent,  and  later,  superintendent,  of  the  shops  of  the 
Montreal  Light,  Heat  and  Power  Co.,  until  December  1909.  From 
that  date  he  took  over  the  works  managership  of  the  Canadian 
Crocker  Wheeler  Co.,  Ltd.,  and  built  and  equipped  their  new  works 
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at  St.  Catherine's,  Ontario.  He  returned  to  Messrs.  Mather  and 
Piatt's  employ  early  in  1912,  as  assistant  works  manager  of  the 
Park  Works.  Among  the  inventions  he  brought  out  may  be 
mentioned  that  of  an  interpole  variable-speed  electric  motor,  in 
1906,  and  an  improvement  in  the  construction  and  manufacture 
of  steam-heated  drying  cylinders.  During  the  War  he  devoted  his 
tiine  almost  entirely  to  the  production  of  war  munitions,  and  the 
heavy  and  continuous  work  so  enfeebled  his  constitution  that  be 
contracted  influenza,  from  which  he  died  on  27th  December  1918, 
at  the  age  of  thirty-nine.  He  became  a  Graduate  of  this  Institution 
in  1904,  an  Associate  Member  in  1905,  and  a  Member  in  1910. 

George  Tangye  was  born  at  Illogan,  near  Redruth,  Cornwall, 
on  17th  September  1835,  being  the  youngest  of  six  sons  of  Joseph 
Tangye.  Having  received  an  early  training  in  the  local  school,  he 
was  sent  to  complete  his  scholastic  education  at  a  Friends'  School 
in  the  Mendip  Hills.  After  working  as  a  clerk  at  the  works  of  Mr. 
Thomas  Worsdell,  in  Birmingham,  where  his  brother  Richard — 
afterwards  Sir  Richard — was  also  employed,  he  joined  with  his 
brothers  in  starting  in  business  in  1857  as  machinists  at  40,  Mount 
Street,  Birmingham.  Owing  to  the  growth  of  the  business  a  new 
factory  had  to  be  built  in  1859.  A  few  years  later  the  idea  was 
conceived  of  designing  steam-engines  in  wliich  the  various  parts  could 
be  made  interchangeable.  The  result  was  that  the  well-known  Tangye 
engine  came  into  existence,  which  was  shortly  followed  by  their 
high-speed  governor.  A  still  larger  factory  was  therefore  required, 
and  finally  the  Cornwall  Works,  Soho,  close  to  the  historic  foundry 
of  Boulton  and  Watt,  was  erected.  In  1881,  when  the  firm  was 
turned  into  a  limited  liability  company,  George  Tangye  was  made 
vice-chairman  and  finally  Chairman  of  the  company  when  his 
brother — Sir  Richard  Tangye — died  in  1906.  For  many  years  he 
lived  at  Heathfield  Hall,  which  was  formerly  the  home  of  James 
Watt.  He  carefully  preserved,  in  the  condition  in  which  the  great 
inventor  had  left  it,  the  garret  in  which  he  had  worked  ;  and  George 
Tangye  was  responsible  for  the  fine  collection  of  relics  of  Boulton 
and  Watt,  which  he  finally  gave  to  the  City  of  Birmingham.     On 
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the  occasion  of  the  Joint  Meeting  of  this  Institution  and  the 
American  Society  of  Mechanical  Engineers  in  Birmingham,  he 
presented  to  the  latter  Society  an  original  letter  of  James  Watt 
suitably  framed  (Proceedings,  1910,  page  808),  His  death  took 
place  at  his  residerice  in  Birmingham  on  7th  October  1920,  at  the 
age  of  eighty-five.     He  became  a  Member  of  this  Institution  in  187.5. 

Robert  Scott  Watson  was  born  in  Forfarshire  on  25th  February 
1852.  His  early  education  was  obtained  at  local  schools,  and  he 
served  a  five-years'  apprenticeship  in  a  general  engineering  works 
from  1868  to  1873.  He  was  next  engaged  on  various  constructional 
works  until  1880,  when  he  started  in  business  as  bridge  and 
waterworks  contractor.  Five  years  later  he  began  to  specialize  in 
refrigeration  work,  and  in  1900  he  went  to  New  Zealand  to  take  up 
the  post  of  chief  engineer  at  Christ-church  Meat  Co.'s  W^orks.  This 
position  he  held  until  his  death,  which  took  place  suddenly  on 
30th  June  1920,  at  the  age  of  sixty-eight.  He  became  an  Associate 
Member  of  this  Institution  in  1911. 

John  George  Wilcox  was  born  at  Wisbech,  Cambs,  on 
24th  April  1871.  He  served  a  five-years'  apprenticeship  with 
J.  Webster  and  Son,  engineers,  Wisbech,  and  then  went  to  Toronto, 
where  he  acted  as  assistant  engineer  on  the  Lake  Boats.  In  1893 
he  returned  to  England  to  take  up  the  post  of  engineer  at  the 
Wilmington  Flour  Mills,  Hull,  and  two  years  later  was  engaged  in 
a  similar  capacity  at  the  North  Shore  Flour  Mills,  Liverpool.  In 
1900  he  took  up  an  appointment  with  the  Liverpool  Refrigeration 
Co.,  and  held  this  until  1906,  when  he  went  to  reorganize  the 
Calcutta  Ice  Plant.  He  then  started  on  his  own  account  in 
Calcutta  as  a  consulting  and  refrigeration  engineer,  and  acted  as  the 
representative  of  the  Liverpool  Refrigeration  Co.,  and  other  firms. 
His  death  took  place  at  Bournemouth  on  2nd  December  1920,  at 
the  age  of  forty-nine.  He  became  an  Associate  Member  of  this 
Institution  in  1909,  and  a  Member  in  1912. 

Bartlett  Wrangham  Winder,  J.P.,  was  born  in  Sheffield  on 
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5th  October  1858.  He  was  educated  at  Sheffield  Grammar  School 
and  the  Collegiate  College,  and  in  1874  entered  the  works  of  Messrs. 
Jonas  and  Colver,  steel  manufacturers,  Sheffield,  with  which  firm 
he  was  connected  all  his  life,  and  was  largely  associated  with  its 
progress.  At  the  outset  he  took  up  the  chemical  side  of  the  industry, 
and  soon  became  works  chemist.  Subsequently  he  was  appointed 
works  manager  and  a  director  of  the  company,  and  became  chairman 
on  the  retirement  of  Sir  Joseph  Jonas  in  1918.  At  the  Brussels 
Exhibition  in  1911  he  was  chosen  as  one  of  the  three  English  judges 
of  the  steel  section  ;  he  was  also  a  director  of  Messrs.  Smith  and 
Coventry,  of  Manchester,  and  a  member  of  the  Court  of  Governors 
of  the  University  of  Sheffield.  In  recognition  of  his  work  the 
University  conferred  upon  him  the  degree  of  Master  of  Metallurgy. 
In  1912  he  was  appointed  a  Justice  of  the  Peace.  His  death  took 
place  in  Sheffield  on  19th  July  1920,  in  his  sixty-second  year.  He 
became  a  Member  of  this  Institution  in  1911. 

Sir  Lindsay  Wood,  Bart.,  was  born  at  Killingworth  Hall, 
Durham,  in  1834,  being  the  youngest  son  of  Nicholas  Wood,  formerly 
a  Member  of  Council  of  this  Institution.  He  was  educated  at  the 
Royal  Kepier  Grammar  School,  Iloughton-le-Spring,  Durham,  and 
King's  College,  London.  After  serving  his  apprenticeship  at  the 
Hetton  Collieries,  of  which  his  father  was  then  manager,  he  received 
his  first  appointment  in  1858  as  viewer  at  North  Hetton  Colliery, 
and  subsequently  at  the  Hetton  Collieries.  On  his  father's  death 
in  1866  he  became  Managing  Director  of  the  Hetton  Collieries,  and 
continued  to  occupy  this  position  until  the  sale  of  the  undertaking 
to  Lord  .Joicey's  firm  in  1911,  He  was  a  director  of  several  colliery 
companies,  and  of  the  Newcastle  Electric  Supply  Co.,  the  Hendon 
Paper  Works,  and  the  North-Eastern  Railway  Co.  He  was  also 
mining  engineer  to  the  Ecclesiastical  Commissioners  and  to 
Greenwich  Hospital.  He  rendered  useful  service  on  various  Royal 
Commissions,  and  was  President  of  the  Durham  Coalowners' 
Association,  He  was  a  Justice  of  the  Peace  and  a  Deputy- 
Lieutenant,  and  was  Sheriff  in  1889,  A  Baronetcy  was  conferred 
on  him  in  1897,     His  death  took  place  at  his  residence  at  Chester- 
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!e-Street,  on  22nd  September  1920,  at  the  age  of  eighty-six.     He 
became  a  Member  of  this  Institution  in  1868. 

Hugh  Wright  was  born  at  Stockton-on-Tees  on  28th  November 
1884.  He  studied  at  the  University  of  Sheffield  for  seven  years, 
and  during  a  portion  of  this  period  lie  served  a  pupilage  of  five 
years  with  Messrs.  Newton,  Chambers  and  Co.,  Ltd.,  Sheffield. 
Subsequently  he  was  employed  in  their  drawing  office  until  1908, 
when  he  became  assistant  engineer  to  Messrs.  C.  and  W,  Walker, 
Ltd.,  Donnington,  Salop.  In  1911  he  was  appointed  chief  engineer 
to  the  Cyanide  Plant  Supply  Co.,  London,  where  he  was  engaged  in 
the  design  of  mining  and  other  plant.  Three  years  later  he  became 
General  Manager  to  Messrs.  Cochrane  and  Co.,  of  Dudley,  and 
during  the  War  he  superintended  the  construction  of  engine  and 
condenser  work  for  the  Government.  His  death  took  place  in 
London  on  5th  December  1920,  at  the  age  of  thirty-six.  He 
became  an  Associate  Member  of  this  Institution  in  1913,  and  a 
Member  in  1917. 
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Athertun,  W.  H.,  Remarks  on  Mechanical  Loading  of  Ships,  146. 

Atkinson,  J.  W.,  elected  Associate  Member,  531. 

Attwood,  J.,  Memoir,  536. 
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Auditor,  Appointment,  213. 
Austin,  P.  E.,  elected  Graduate,  202. 

Bagnall-Wild,  Brig. -Gen.  R.  K.,  C.M.G.,  Remarks  on  Standardization 

of  Testing  Welds,  245. 
Bailey,  R.  W.,  Remarks  on  Purification  of  Boilei"  Feed-Water,  334,  342. 
Bakek,  H.  W.,  elected  Graduate,  362. 

Baldwin,  C.  K.,  Remarks  on  Mechanical  Loading  of  Ships,  116. 
Bale,  M.  P.,  Decease,  4. 
Ball,  Sir  J.  B.,  Decease,  4. — Memoir,  536. 

Ball-Hardness  Testing-Machine,  Paper  by  H.  Moore,  O.B.E.,  51. 
Bamber,  G.  R.,  elected  Graduate,  202. 

Bamford,  W.,  Associate  Member  transferred  to  Member,  203. 
Bannister,  A.  H.  G.,  elected  Associate  Member,  531. 
Barker,  A.  W.  K.,  elected  Associate  Member,  531. 
Barraclough,  S.  H.  E.,  Knight  Commandership  of  Order  of  the  British 

Empire,  3. 
Barrell,  K.  C,  elected  Graduate,  470. 
Batten,  J.  D.,  elected  Graduate,  66. 
Baty,  J.  E.,  Remarks  on  Limit  Gauging,  519. 
Beale,  a.,  elected  Graduate,  470. 

Bedson,  J.  P.,  Remarks  on  Mechanical  Loading  of  Ships,  134. 
Beer,  E.  V.,  elected  Graduate,  532. 
Belt-Conveyors  for  loading  of  Ships.  SI. 

Benevolent  Fund,  17. — Remarks  by  the  President  thereon,  209. 
Bennett,  A.  E.,  Decease,  4. — Memoir,  537. 
Bent,  J.  C  elected  Associate  Member,  361. 
Bentham,  C,  Remarks  on  Mechanical  Loading  of  Ships,  134. 
Berridge,  H.,  Major,  O.B.E.,  R.E.,  Companionship  of  Order  of  the  Indian 

Empire,  3. 
Berriman,  a.  E.,  O.B.E.,  Remarks  on  Limit-Gauging,  500. 
Berry,  T.,  Decease,  4. 
Bexon,  W.  C,  elected  Member,  361. 
Bidmead,  p.  W.,  elected  Associate,  470. 
Biggin,  F.,  elected  Member,  531. 

BiNNS,  A.,  Remarks  on  Mechanical  Loading  of  Ships,  110. 
Birch,  J.,  elected  Member.  201. 
Birch,  T.  elected  Associate  Member,  301. 
Bird,  G.,  elected  Graduate,  532. 
BiRKS,  N.  A.,  elected  Associate  Member,  65. 
Birmingham  Local  Branch,  Formation,  13. 
Bishop,  Major  P.,  Remarks  on  Limit-Gauging,  502. 
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Blood,  R.  B.,  elected  Graduate,  362. 

Boiler  Feed-Water,  Degassing  and  Purification,  291,    See  Purification 

of  Boiler  Feed- Water. 
BoNNYMAN,  G.  A.,  elected  Graduate,  202. 
Booth,  T.  A.,  elected  Graduate,  202. 
BosE,  N.  K.,  elected  Associate  Member,  201. 
BoSTOCK,  F.  J.,  Pvemarks  on  Limit-Gauging,  511. 
BoswELL,  S.,  Remarks  on  Standardization  of  Testing  Welds,  261. 
BoxALL,  T.  G.  W.,  elected  Graduate,  532. 
Brackenbuby,  H.  I..  C.B.E.,  nominated  for  election  as  Member  of  Council, 

64.— Elected  Member  of  Council,  211. 
Bradbury,  A.  W.,  elected  Associate  Member,  361. 
Braham,  J.  E.,  elected  Graduate,  532 

Brame,  J.  S.  S.,  Remarks  on  Purification  of  Boiler  Feed- Water,  339. 
BRE-iRLEY,  W.   H.,  Decease,   4. 
Brentnall,  J.  A.,  elected  Associate  Member,  63. 
Bridgman,  R.  L.,  elected  Graduate,  532. 
Briggs,  J.  H.,  Decease,  4. 
Brindley,   H.    S.   B.,   Knight  Commandership   of   Order  of  the   British 

Empire,  3. — -Decease,  4. 
Brown,  C,  elected  Associate  Member,  361. 
Brown,  W.,  elected  Associate  Member,  469. 
Bro\vne,  O.  H.,  elected  Associate  Member,  201. 
Browne,  T.  R.,  M.B.E.,  Decease,  4. — Memoir,  537. 

Bryan  Donkin  Fund,  Accomits,  25. — Regulations  for  Fifth  Award,  27' 
Bryant,  R.  H.,  elected  Graduate,  362. 
BucKA,  P.,  elected  Graduate,  532. 
Bucket-Conveyor  Shipping  Plant,  75. 
BuLLEiD,  C.  H.,  O.B.E.,  elected  Member,  531. 
Bun  CLARK,  F.  T.,  elected  Graduate,  470. 
BuBNET,  H.,  elected  Graduate,  470. 
Burr,  P.  S.,  elected  Associate  Member,  531. 
Butcher,  J.  J.,  Decease,  4. 
Buttebfield,  H.  v.,  elected  Associate  Member,  201. 

Cadman,  C.  G.,  elected  Associate,  202. 

Calcutta  and  District  Section,  merged  into  Bengal  As.sociation  of  the 

Institution  of  Engineers  (India),  13. 
Caldwell,    J.,    Major,    R.E.,    Remarks   on    Standardization   of    Testing 

Welds,  256. 
Candy,  H.  E.  L.,  elected  Associate  Member,  65,] 
Card  well,  E.,  elected  Graduate,  202. 

2  o  2 
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Cabnegie,  T>.,  Commaudership  of  Order  of  the  British  Empire,  3. 

Carosio,  G.,  Associate  Member  transferred  to  Member,  203. 

Carpenter,  C.  C,  Commandership  of  Order  of  the  British  Empire,  3. 

Carpenter,  H  ,  Remarks  on  Limit  Gauging,  507. 

Carr,  R.  S.,  elected  Associate  Member,  531. 

Carrington,  H.,  Remarks  on  Standardization  of  Testing  Welds,  207  : — 

on  Contact  Pressures  and  Stresses,  454. 
Cartwright,  W.,  Jvm.,  Decease,  4. 
Casson,  R.,  Decease,  4. 
Cave-Browne-Cave,  T.  R.,  Wing-Com.,  Commandership  of  Order  of  the 

British  Empire,  3. 
Chakko,  K.  C,  Paper  on  Contact  Pressures  and  Stresses,  305. 
Chandler,  L.  R.,  elected  Graduate,  362. 
Chapman,  H.  T.,  Appointment  as  Assistant  Secretary,  5. 
Charnock,  G.  F.,  Remarks  on  Limit  Gauging,  518. 
Chejucal  Industry,  Society  of.  Joint  Meeting,  Paper  on  Degassing  and 

Purification  of  Boiler  Feed-Water,  289. 
Cheshire,  L.  J.,  elected  Graduate,  362. 
Chew,  W.  E.,  elected  Associate  Member,  361. 
CnoRLTON,  A.  E.  L.,  C.B.E.,  nominated  for  election  as  Member  of  Council, 

64. — ^Elected  Member  of  Covmcil,  211. 
Ci\aL  Engineers'  Registration  Bill,  15. 
Clark,  B.  F.,  elected  Member,  65. 
Clark,  E.  K.,  Lt.-Col.,  appointed  Member  of  Comicil,  212. — Remarks  on 

Limit  Gauging,  509,  518. 
Clark,  J.  d'A.,  elected  Graduate,  470. 

Cl-ARKE,  A.  G.  R.,  elected  Graduate,  202.  , 

Clayton,  J.  A.,  Decease,  4. 

Cleverly,  A.  W.,  elected  Associate  Member,  65. 
Clynes,  W.,  elected  Graduate,  362. 
Coade,  L.  G.,  elected  Associate  Member,  531. 
Cobb,  C.  E.,  elected  Associate  Member,  361. 
CoDNER,  W-  ^.,  elected  Associate  Member,  201. 
CoKEB,  E.  G.,  Paper  on  Contact  Pressm'es  and  Stresses,  305. — Remarks 

thereon,  443,  455,  465. 
CoLEBROOK,  C.  M.,  elected  Graduate,  362. 
Coles,  W.  V.,  elected  Graduate,  362. 
Collins,  J.,  elected  Associate  Member,  201. 
Collot,  H.  G.,  elected  Graduate,  532. 
Contact  Pressures  and  Stresses,  Paper  by  E.  G.  Coker,  K.C.  Chakko, 

and  M.  S.  Ahmed,  365.- — Carus-Wilson's  experiments,  306  ;    results 

obtained,  368  ;    stress  difference  along  central  vortical  line,  379  ; 


» 
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variation  of  thickuesa  in  J -inch  plate,  384. — Possible  errors  and 
corrections  of  aiecliauical  measurements  :  temperature  vai-iations, 
385  ;  errors  of  position,  386. — Possible  errors  in  optical  measure- 
ments, 389. — vStress  distribution  in  blocks,  391. — Influence  of 
contact  stresses  in  testing  of  materials,  407. — -Standard  form  of 
Dalby's  test-piece,  424. 

Discussion  in  London,  18  March,  1921. — Sankey,  Capt.  H.  R., 
434. — Hele-Shaw,  H.  S.,  434.— Filon,  L.  X.  G.,  438. — Stromeyer, 
C.  E.,  441. — Luiggi,  L.,  441. — Coker,  E.  G.,  443. 

Discussion  in  Manchester,  21  April,  1921. — Day,  C,  446. — 
Gibson,  A.  H.,  446.— Stoney,  G.  G.,  448.— Stromeyer,  C.  E.,  450.— 
Herbert,  E.  G.,  452. — Cook,  G.,  453. — Richardson,  H.,  454. — 
Carrington,  H.,  454. — Massey,  L.  F.,  455. — Coker,  E.  G.,  455. 

Communications.— Fowler,  Sir  H.,  459.— Hatfield,  AV.  H.,  460. 
— Scoble,  W.  A.,  461. — Wingfield,  C.  H.,  464. — Coker,  E.  G., 
465. 

Conveyor  Shipping  Plant,  75. 

Cook,  G.,  Remarks  on  Contact  Pressures  and  Stresses,  453. 

Cooke,  A.,  elected  Graduate,  66. 

Cooke,  A.  E.  O.,  elected  Graduate,  470. 

Cooke,  C.  J.  B.,  C.B.E.,  Decease,  4. — Memoir,  538. 

Cooper,  B.  P.,  elected  Associate  Member,  361. 

Cooper,  T.  W.,  Remarks  on  Limit  Gauging,  505. 

CORMACK,  J.  D.,  C.iM.G.,  Commandership  of  Order  of  the  British  Empire,  3. 

CosTE,  J.  H.,  Remarks  on  Purification  of  Boiler  Feed-Water,  343. 

ConNCTL,  Annual  Report,  1. — Xo.  of  Members,  etc.,  1. — Curves  showing 
gro-wth  from  1898,  2. — Royal  Honours,  3. — Deceases,  4. — War 
Memorial. — Resignation  of  Secretary  ;  appointments  of  Secretary 
and  Staff,  5. — Financial  statement,  6,  18-26. — Research  Grants,  6. 
— Research  Committees,  7. — By-laws  re  Membership  apphcations, 
9  ;  admission  of  women,  10. — Examinations. — Informal  Meetings, 
10. — External  technical  training. — -Portrait  of  Dr.  Unwin. — 
Meetings  and  Papers,  11. — Thomas  Hawksley  Lecture. — Local 
Correspondents  and  Branches,  13. — Enlargement  of  Council,  13. — ■ 
Lincoln  Summer  Meeting. — Graduates'  Association,  14. — Civil 
Engineers'  Registration  Bill. — Watt  Memorial  in  Birmingham,  15. 
— Proposed  closing  of  Finsbury  Technical  College. — Representation 
on  other  Bodies,  16. — Benevolent  Fund,  17. 

Discussion.— Sankey,  Capt.  H,  R.,  203,  206,  207,  209.— Thompson, 
G.  W.,  205,  207,  209.— Pitt,  P.  S.,  206,  207,  209.— Petter,  E.  W., 
206.— Hele-Shaw,  H.  S.,  207.— Spencer,  H.  B.,  207.— Robinson, 
M.  H.,  208.— Drewitt,  G.  D.,  209.— Report  adopted,  209. 
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Council,  Enlargement,  14. — Retiring  List,  and  Nominations  for  1921,  63. 

—Election,  LMO.— For  1921,  212. 
Cowan,  W.,  elected  Associate  Member,  469. 
Ckaig,  a.,  Commandership  of  Order  of  the  British  Empire,  3. 
CuAMKB,  W.,  elected  Graduate,  362. 

Crane,  R.,  reappointed  to  audit  Institution  Accounts,  213. 
Ckewe,  v.,  elected  Member,  361. 
Croft,  F.  L.,  Decease,  4. — Memoir,  539. 

Crompton,  Col.  R.  E.,  C.B.,  Remarks  on  Limit  Gauging,  .507. 
Crosby,  R.,  Remarks  on  Limit  Gauging,  510. 
Cross,  R.  T.  G.,  Decease,  4. — Memoir,  540. 
Gumming,  J.,  elected  Associate  Member,  201. 
Cutting -Tools  Research,  8. 

Dabell,  a.  p.,  Associate  Member  transferred  to  Member,  470. 

Daintree,  T.  E.,  Decease,  4. 

Dalgliesh,  D.,  elected  Graduate,  202. 

Daniels,  G.  W.,  elected  Associate  Member,  361. 

Danielsen,  J.  W.,  elected  Member,  469. 

Das,  A.  N.,  elected  Graduate,  470. 

Davey,  T.  F.,  Paper  on  the  Manufacture  of  British  Asaociation  Screw- 
Thread  Gauges,  191. — Presentation  of  Prize  for  Paper,  210. 

David,  W.  T.,  elected  Associate  Member,  532. 

Davidson,  A.  E.,  Lieut.-Col.,  D.S.O.,  R.E.,  nominated  for  election  as 
Member  of  Coimcil,  64. — Elected  Member  of  Coimcil,  211. 

Davies,  a.  E.  v.,  elected  Associate  Member,  201. 

Davies,  E.  J.,  Decease,  4. 

Davis,  W.  K.,  elected  Associate  Member,  361. 

Dawson,  Sir  A.  T.,  Baronetcy,  3. 

Day,  C,  appointed  Member  of  Council,  212. — Remarks  on  Contact 
Pressin-es  and  Stresses,  446. 

Deacon,  H.  J.,  elected  Graduate,  532. 

Dean,  F.  W.  C,  M.B.E.,  nominated  for  election  as  Member  of  Council,  64. 

Deceases  of  Members,  etc.,  reported  during  1920,  4. 

Degassing  and  Purification  of  Boiler  Feed-Water,  291.  See 
Purification  of  Boiler  Feed-Water. 

Dew,  J.  T.,  Associate  Member  transferred  to  Member,  470. 

Dewrance,  J.,  Knight  Commandership  of  Order  of  the  British  Empire,  3. 

Appointed  Vice-President,  212. — Lecture  to  Graduates'  Association 

on  the  Generation  of  Steam,  215. 

Dimmock,  a.  L.,  elected  Graduate,  532. 

Dixon,  D.  M.,  elected  Graduate,  202. 
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Dolby,  E.  R.,  seconded  reappointment  of   R.  Ciano  as  Auditor,  214. — 

Remarks  on  Standardization  of  Testing  Welds,  251. 
DoNKiN,  C.  B.,  elected  Associate  Member,  532. 

DoNKiN  Fund  (Bryan),  Accoimtw,  25.— Rogulations  for  Fifth  Award,  27. 
DoNNAN,  F.  G.,  Remarks  on  Purification  of  Boiler  Feed-Water,  338. 
Douglass,  L.,  elected  Graduate,  362. 

DowDEN,  P.  P.,  Lieut.-Col.,  R.A.S.C.,  elected  Associate  Member,  201. 
Drewitt,  G.  D.,  Remarks  on  Annual  Report,  209. 
Drummond,  R.  M.,  elected  Associate  Member,  65. 
Dumas,  R.,  Remarks  on  Limit  Gauging,  484. 
Dumpers  for  loading  of  Ships,  95. 
DuNCANSON,  J.,  elected  Associate  Member,  65. 
Dunell,  H.,  O.B.E.,  elected  Associate  Member,  532. 
Dunn,  E.  V.,  elected  Graduate,  362. 
Dyson,  F.,  elected  Associate  Member,  532. 

Easton,  R.  S.,  Decease,4. — Memoir,  540. 

Eatough,  C,  elected  Graduate,  362. 

Edger,  H.  a.,  elected  Associate  Member,  201. 

Edwards,  C.  A.,  elected  Graduate,  362. 

Edwards,  W.  S.,  Remarks  on  Mechanical  Loading  of  Ships,  124. 

Eldrldge,  T.  T.,  elected  Graduate,  202. 

Election,  Council,  210.— Members,  etc.,  65,  201,  361,  469,  531. 

Elstob,  F.,  Remarks  on  Standardization  of  Testing  Welds,  275. 

Emerton,  J.  R.,  elected  Member,  531. 

Evans,  E.  R.,  M.B.E.,  elected  Associate  Member,  469. 

Examinations,  10. — Award  of  Prizes,  10. — Presentation,  210. 

Eyebolts,  Paper  on  the  Mechanical  Qualities  required,  by  R.  T.  Rolfe, 

177. — Analyses  of  outside  eyebolts,  178  ;   effect  of  normalizing,  180. 

— Imitated     service     tests,     182. — Eyebolt     specification,     187. — 

Additional  results,  188. 

Farmer,  F.  M.,  Paper  on  the  Desirability  of  Standardization  in  the  Testing 

of  Welds,  225. — Remarks  thereon,  287. 
Farrar,  G.  E.,  elected  Associate  Member,  201. 
Feed-Water,  Degassing  and  Purification  of  Boiler,  291.    See  Purification 

of  Boiler  Feed-Water. 
Fell,  A.  L.  C.,  Commandership  of  Order  of  the  British  Empire,  3. 
Fell,  L.   F.   R.,  Lieut.-Col.,   D.S.O.,   O.B.E.,   R.A.F.,  elected  Associate 

Member,  361. 
Fenner,  L.  a.,  elected  Associate  Member,  532. 
FiLON,  L.  N.  G.,  Remarks  on  Contact  Pressures  and  Stresses,  438. 
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Finch,  H.  J.,  elcutoil  (.Graduate,  362, 

FiNSBURY  Technical  College,  Proposed  closing,  16. 

Fletcher,  R.  M.,  elected  Associate  Member,  469. 

Ford,  F.  W.,  Appointment  as  Accountant,  o. 

Foster,  H.  N.,  Lieut.-Col.,  C.B.E.,  R.A.S.C.,  Companionship  of  Order  of 

St,  Michael  and  St.  George,  3. 
Fowler,  Sir  H.,  K.B.E.,  Remarks  on  Standardization  of  Testing  Welds, 

276  : — on  Contact  Pressm-es  and  Stresses,  434,  459. 
Fox,  W.,  Remarks  on  Mechanical  Loading  of  Ships,  131,  137,  143,  \4C\. 
Fraser,  D.  S.  D.,  elected  Gradviate,  362. 

Garcke,  S.  E.,  elected  Member,  469. 

Gauges,  Screw-Thread,  191.    See  Screw-Thread  Gauges. 

Gauging,  Limit,  473.    See  Limit  Gauging. 

Gauld,  R.  D.,  elected  Graduate,  66. 

Geddes,  C,  Decease,  4. 

Generation   of   Steam,   Lecture   to    Gradviates'    Association    by   Sir   J. 

Dewrance,  K.B.E.,  215. 
Geneve,  L.  F.  C.  A.,  elected  Associate  Member,  469. 
GiBB,  Sir  A.,  Brig. -Gen.,  C.B.,  Knight  Grand  Cross  of  Order  of  the  British 

Empire,  3. 
GiBB,  M.  S.,  Commandership  of  Order  of  the  British  Empire,  3. 
Gibson,  A.  H.,  Remarks  on  Contact  Pressxires  and  Stresses,  446. 
GiNDERS,  E.  M.,  Remarks  on  Standardization  of  Testing  Welds,  268. 
GfiAiSTEB,  E.,  elected  Graduate,  362. 
Glazebrook,  Sir  R.  T.,  Knight  Commandership  of  Order  of  the  Bath,  3 

— Remarks  on  Limit  Gauging,  473,  475,  508,  528. 
Glen,  A.  E.,  elected  Graduate,  470. 
Glen,  D.  C,  Decease,  4. — Memoir,  540. 
GoACHER,  W.,  elected  Associate  Member,  532. 
GoDDARD,  H.  P.,  Decease,  4. 

GoMERSALL,  J.  W.,  Remarks  on  Mechanical  Loading  of  Ships,  141. 
GooDGER,  A.  H.,  Remarks  on  Standardization  of  Testing  Welds,  270. 
Goodman,  H.  F.,  elected  Graduate,  202. 
Goodman,  R.  T.  W.,  elected  Graduate,  470. 
GooNEWARDENE,  D.  A.,  elected  Associate  Member,  201. 
Gould,  A.  J.,  elected  Graduate,  470. 
GowER,  G.  P.,  elected  Graduate,  202. 
Grab  Transporters,  97. 

Graduates'  Association,  Awards  for  Papers,  14. 
Graham,  M.,  Commandership  of  Order  of  the  British  Empire,  3. 
Gransden,  C.  L.,  Capt.,  R.A.O.C,  I.O.M.,  elected  Associate  Member,  36 1. 
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Graves,  J.  C,  Lecture  ou  tho  Woild'.s  Moiif?y  System,  533. 

Gravbubn,  K.  C,  elected  Associate  Member,  65 

Green,  ¥.  M.,  Presentation  of  Prize  for  Paper,  210. 

Gresley,  H.  N.,  Commandership  of  Order  of  the  British  Empire,  3. 

Grieve,  J.  A.  W.,  elected  Graduate,  202. 

Griffiths,  A.  W.,  elected  Graduate,  532. 

Griffiths,  E.,  elected  Associate  Member,  469. 

Griffiths,  F,  H.,  elected  Member,  65. 

Groundwater,  S.,  Decease,  4. 

GuEiLiKMAN,  M.,  elected  Associate  Member,  361. 

Gutteridge,  H.,  elected  Associate  Member,  201. 

GwYNNE,  N.  G.,  Commandership  of  Order  of  the  British  Empire,  3. 


Hadfield,  Sir,  R.  A.,  Bart.,  nominated  for  re-election  as  Vice-President, 

64. — Re-elected  Vice-President,  211. 
Hadfield    (Sir    Robert)    Prize    Fund,    Grants,    6. — Accotmts,    26. — 

Conditions  of  Award,  28. 
Haigh,  B.    p..    Award   of  Sir  Robert   Hadfield   Prize,  6. — Remarks  on 

Standardization  of  Testing  Welds,  253. 
Halt.  (T.  Bernard)  Prize  Fund,  Accounts,  26. — Conditions  for  Second 

Award,  30. 
Haxl-Brown,  E.,  Decease,  4. 
Hanford,  R.,  elected  Associate  Member,  469. 
Hardness  Testing-Machine,  Paper  by  H.  Moore,  O.B.E.,  51. 
Hardness  Tests  Research,  7. 
Harris,  H.  E.,  elected  Associate  Member,  532. 
Hartfree,  G.  B.,  elected  Associate,  532. 
Hartley,  E.,  elected  Associate  Member,  469. 
Hartnell,  W.,  Decease,  4. — Memoir,  541. 
Hastings,  H.  J.,  elected  Associate  Member,  469. 
Hatfield,  W.  H.,  Remarks  on  Contact  Pressures  and  Stresses,  460. 
Hawksley  Fund  (Thomas),  Lecture  in  1920,  13. — Accounts,  25. 
Hawksworth,  J.  W.  M.,  elected  Graduate,  532. 
Hay,  L.  F.,  elected  Associate  Member,  Ho. 
Haywood,  C,  elected  Associate  Member,  202. 

Heaton,  T.  T.,  Remarks  on  Standardization  of  Testing  Welds,  277. 
Hedley,  J.  F.,  elected  Associate  Member,  202. 
Hedley,  R.  C.  H.,  elected  Graduate,  532. 
Heekan,  H.,  Decease,  4. 
Hele-Shaw,    H.    S.,    nominated   for   election    as   Vice-President,    64. — 

Elected  Vice-President,  211. — Remarks  on  Annual  Report,  207  : — 
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on    Contact    rrcssures    and    Stresses,    434  : — on    World's   Money 

System,  533. 
Henderson,  J.  M.,  Remarks  on  Mechanical  Loading  of  Ships,  149. 
Henderson,  T.,  Major,  A.O.D.,  elected  Member,  531. 
Herbert,  E.  (!.,  Komarks  on  Contact  Pressures  and  Stresses,  452. 
Heywood,  W.  J.,  elected  Graduate,  362. 

HiBBERD,  F.  C,  Remarks  on  Standardization  of  Testing  Welds,  278. 
HiGSON,  J.,  Decease,  4. — Memoir,  541. 
HiLBOBN,  P.  A.,  Capt.,  R.E.,  elected  Associate,  470. 
HiNCHLEY,  J.  W.,  Remarks  on  Purification  of  Boiler  Peed-Water,  331. 
Hinds,  C.  R.,  elected  Graduate,  470. 

HoBsoN,  J.  W.,  Associate  Member  transferred  to  Member,  363. 
Hockley,  H.  R.,  elected  Graduate,  202. 
HoEY,  G.  McC,  elected  Associate,  532. 
Holbein,  A.  M.,  elected  Graduate,  362. 
Hollands,  H.  W.,  elected  Graduate,  202. 
HoNOtrRS  conferred  by  H.M.  The  King,  3. 
HoPKiNSON,  C,  Decease,  4. 
HoPKiNSON,  E.,  M.P.,  Past-President,  appointed  a  Member  of  the  Council, 

211. 
HoYLE,  J.  R,,  Past-Vice-President,  appointed  a  Member  of  the  Council, 

211. 
Hudson,  A.,  elected  Graduate,  470. 
Hudson,  R.  J.  H.,  elected  Associate  Member,  361. 
Hughes,  G.,  Commandership  of  Order  of  the  British  Empire,  3. 
Hughes,  H.  M.,  elected  Graduate,  362. 
Hunter,  J.,  Decease,  4. — Memoir,  542. 
HuKLEY,  P.,  elected  Graduate,  532. 
Husk,  A.  C,  elected  Graduate,  362. 

I'Anson,  H.  C,  Capt.,  R.A.S.C.,  elected  Member,  531. 
Ignatieff,  A.,  elected  Member,  361. 
Informal  Meetings,  10. 
Ironside,  Sir  W.,  Decease,  4. 
IsLip,  P.  C,  elected  Graduate,  202. 

Jackson,  P.  G.,  Remarks  on  Purification  of  Boiler  Peed- Water,  346. 
Jackson,  W.  M.,  Remarks  on  Standardization  of  Testing  Welds,  268. 
January  Meeting,  1921,  Business,  63. 
Jaered,  H.  a.,  elected  Associate  Member,  362. 
Jenkins,  C.  E.,  elected  Associate  Member,  202. 
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Jenkins,  D.,  elected  Member,  581. 

JiiNNiNGS,  H.  A.,  elected  (Jiiiduute,  -UJ. 

Jensen,  A.  E.,  elected  Associate  Member,  202. 

Johnson,  P.   H.,  Lie\it.-CoI.,  D.S.O.,    Commandership  of  Order  of   the 

British  Empire,  \i. 
Johnson,  R.  S.,  Remiu-ks  on  Standardization  of  Testing  Welds,  247. 
Jones,  A.  W.,  elected  Associate  Member,  4G9. 

Jones,  E.  H.,  Remarks  on  Standardization  of  Testing  Welds,  280. 
Jones,  E.  L.,  elected  Graduate,  362. 
Jones,  J.  C,  elected  Graduate,  532. 
JuDD,  C.  H.,  elected  Graduate,  202. 


Keax,  H.  H.,  elected  Associate  Member,  362, 

Keep,  H.  S.,  elected  Graduate,  202. 

Kee%t;ll,  R.  G.,  elected  Associate  Member,  65. 

KJEMISH,  H.,  elected  Member,  531. 

Kerridge,  W.,  elected  Graduate,  362. 

Kestner,  p..  Paper  on  Degassing  and  Purification  of  Boiler  Feed-Water, 

291. — Remarks  thereon,  342,  351. 
Kingston-McCloughry,  E.  J.,  Capt.,  D.S.O.,  D.F.C.,  elected  Graduate,  66. 
KiNiNMONTH,  C.  p.,  Remarks  on  ^Mechanical  Loading  of  Ships,  142. 
KiRKALDY,  J.,  Decease,  4. 

KiRKE,  P.  St.  G.,  elected  Associate  Member,  532. 
Knight,  R.  D.,  elected  Graduate,  202. 
Knowles,  T.  W.  G.,  elected  Graduate,  362. 


Lang,  E.  F.,  Remai'ks  on  Standardization  of  Testing  Welds,  265. 

Larke,  W.  J.,  Commandership  of  Order  of  the  British  Empire,  3. 

Lawrence,  M.  R.,  Remarks  on  Limit-Gauging,  501. 

Leech,  W.,  elected  Member,  469. 

Leeds  Local  Branch,  Formation,  13. 

Legros,  L.  a.,  O.B.E.,  nominated  for  election  as  Member  of  Council,  64. 

Appointed  Member  of  Council,  212. 
Le  Maistre,  C,  Remarks  on  Limit-Gauging,  501. 
Le  Masltiier,  J.,  Commandership  of  Order  of  the  British  Empire,  3. 
Leonard,  L.  D.,  elected  Associate  Member,  202. 
L'EsTRANGE,  A.  H.  C,  Decease,  4. — Memoir,  542. 
LEW^s,  E.  H.,  elected  Graduate,  66. 
Library  Donations,  11,  31-50. 
Limit  Gauging,  Note  by  Sir  R.  T.  Glazebrook,  K.C.B.,  473, — Basis   for 
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Slandardizalioii.- — Unilatoral  and  Bilateral  Systems. — Systems   of 

Limits,    473. — Steps  and  Kaiigfb. — Limit   Lines. — Illustrations    of 

Systems  of  Limits,  474. 

Discussion   in  London,  22  April,  192L — Glazebrook,  Sir  K.  T., 

475,    508.— Sankey,  Capt.    H.    R.,    475,    481.— Taylor,  W.,   481. 

—Dumas,    R.,    484.— Thomson,  H.  J.,  486.— Agnew,  P.  G.,  499. 

■ — Berriman,  A.  E.,  500. — Lawrence,  M.  R.,  501. — Le  Maistre,  C, 

501.— Bishop,  Major  P.,  502.— Allen,  R.  W.,  503.— Cooper,  T.  W., 

505.— Ross,    Major  A.    A.,    505.— Crompton,   Col.    R.  E.,  507.— 

Carpenter,  H.,  507. 

Discussion  in  Leeds,  2  May,  1921. — Clark,  Lt.-Col.  E.  K.,  509. — 

Thomson,  H.  J.,  510.— Crosby,  R.,  510.— Bostock,  F.  J.,  510.— 

Watson,  Major  F.  L.,  512.— Murray,  G.  L.,  514.— Charnock,  G.  F., 

519. 

Communications. — Baty,  J.  E.,  519. — Remington,  A.  A.,  523. — 

Watson.  G.  W.,  527.— Glazebrook,  Sir  R.  T.,  528. 
Lindsay,  W.  G.,  elected  Graduate,  202. 
LiNGARD,  A.,  elected  Associate  Member,  532. 
Livens,   F.   H.,   nominated   for   election   as   Member   of   Council,  fio. — 

Appointed  Member  of  Council,  212. 
Lloyd,  W.  F.,  elected  Graduate,  470. 
Loading  of  Ships,  Mechanical,  67. 

LoBNiTZ,  F.,  KJnight  Commandership  of  Order  of  the  British  Empire,  3. 
Local  Branches,  13. — Correspondents,  13. 
London,  H.  M.  A.,  elected  Associate  Member,  202. 
LoNGRiDGE,   M.,   Commandership  of  Order  of  the  British  Empire,  3. — 

Past-President,  appointed  a  Member  of  the  Council,  211. 
LowDELi,,  S.  J.,  Major,  R.A.O.C.,  elected  Associate  Member,  65. 
LuiGGi,  L.,  Remarks  on  Contact  Pressures  and  Stresses,  441. 
Lyall,  a.,  Jun.,  elected  Graduate,  3(>2. 
Lyon,  G.,  elected  Graduate,  532. 


McCallum,  E.  a.,  Decease,  4. 

MoFadyen,  a..  Associate  Member  transferred  to  Member,  303. 

McInnes,  O.  H.,  elected  Member,  65. 

MacIvob,  D.  T.,  elected  Associate  Member,  532. 

Mackie,  T.  D.,  Col.,  C.M.G.,  O.B.E.,  Associate  Member  transferred  to 

Member,  66. 
McLaren,  Sir  J.,  K.B.E.,  Decease,  4. — Memoir,  543. 
Maclean,  J.,  elected  Associate  Member,  532. 
McMuBRAY,  R.,  elected  Member,  65. 
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McNaughton,  a.,  elected  Associate  Member,  65 

McQuADE,  W.,  M.B.E.,  elected  Associate  Member,  362, 

Maik-Rumley,  J.  G.,  Decease,  4. 

Maitland,  C,  Decease,  4. — Memoir,  543. 

Manchee,  H.  v.,  elected  Graduate,  532. 

Manchester  Local  Branch,  Formation,  13. 

Mansell,  a.  G.,  elected  Graduate,  202. 

Mansfield,  A.,  Knight  Commandership  of  Order  of  the  British  Empire,  3. 

March  Meetings,  1921,  Business,  289,  361. 

Marks,  E.  C.  R.,  appointed  Member  of  Council,  212. 

Marris,  R.  W.  H.,  Companionship  of  Order  of  the  Indian  Empire,  3. 

Marshall,  R.,  elected  Member,  65. 

Maryon,  J.  F.,  elected  Member,  65. 

Massey,  L.  F.,  Remarks  on  Contact  Pressures  and  Stresses,  455. 

Mather,  R.  A.,  elected  Associate  Member,  532. 

Mather,  The  Rt.  Hon.  Sir  W.,  P.C.,  LL.D.,  Decease,  4.— Memoir,  544. 

Maw,  W.  H.,  Past-President,  appointed  a  Member  of  the  Council,  211. 

Maxwell,  D.  W.  F.,  Decease,  4. 

May  Meeting.  1921,  Business,  531. 

Meadows,  F.  C,  elected  Associate  Member,  362. 

Mechanical  Loading  of  Ships,  Paper  by  H.  J.  Smith,  67. — Primary 
transporters. — Competition,  68. — ^Machinery  v.  Coolie. — Successful 
methods,  69. — Formula,  70. — ^Aerial  ropeways  :  Sebabna  Mines. 
70  ;  ropeway,  72  ;  terminal  and  tension  stations,  73  ;  storage 
bunkers,  74  ;  bucket  conveyor,  75  ;  structure,  77  ;  power  and  drive, 
78  ;  loading  steamers,  80. — Belt-conveyors,  81  ;  life  and  capacity, 
82  ;  feed-hoppers,  85  ;  power  required,  87  ;  structure,  pulleys,  and 
idlers,  88 ;  skirt-boards,  90  ;  Durban  conveyor,  91. — Wagon- 
diunpers  :  comparisons,  93  ;  side-tipping  dumper,  95  ;  operation, 
96. — Grab  transporters,  97  ;  types  ;  Han-Yeh-Ping  transporter, 
98  ;  structure,  99. — Chinese  steel,  100. — Formula  for  belt-conveyors, 
102  ;  for  bucket-conveyors,  105. 

Discussion  in  Lo)idon,  21  Jan.  1921. — Parker,  F.  T.,  110. — 
Sankey,  Capt.  H.  R.,  110.— Binns,  A.,  110.— Baldwin,  C.  K.,  116.— 
Anderson,  J.  H.,  118.— Mitchell,  F.  G.,  123.— Edwards,  W.  S.,  124. 
—Parker,  F.  T.,  127. 

Discussion  in  Manchester,  27  Jan.  1921. — Parker,  F.  T.,  129.— 
Fox,  W.,  131.— Bedson,  J.  P.,  134.— Bentham,  C,  134.— Smith, 
W.  G.,  139.— Gomersall,  J.  W.,  141.— Kininmonth,  C.  P.,  142.— 
Parker,  F.  T.,  144.— Fox,  W.,  146. 

Communicatlo)is.—Athevton,  W.  H.,  146.^ — Henderson,  J.  M., 
149.— Mitchell,  F.  G.,  151.— Patchell,  W.  H.,  154.— Ritchie,  T.  M., 
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154. — Smart,  A.,  156. — Spence,  W.  L.,  159. — Steinheil,  Baron  G., 

161.— Wright,  A.  R.,   162.— Zimmer,  G.  P.,  163.— Parker,  P.  T., 

164. 
Meeting,  Joint,  with  Society  of  Chemical  Industry,  289. 
Meetings,   1921,  London,  January,   63. — Annual  General,  201. — March, 

289,   361. — April,   469. — May,    531. — Leeds,    471. — Manchester,  66, 

214,  259,  363,  446. 
Memoirs  of  Members,  etc.,  recently  deceased,  535. 
Memobial,  War,  5. — Unveiling  and  Dedication,  197. 
METCAiF,  B.  L.,  elected  Graduate,  202. 
Metcalf,  H.  K.,  elected  Graduate,  202. 
Metcalfe,  J.,  Decease,  4. 
Millar,  R.  H.,  elected  Graduate,  532. 

Miller,  J.  P.  X.,  Capt.,  R.A.O.Q'.,  elected  Associate  Member,  469. 
Mills,  S.  E.,  elected  Associate  Member,  469. 
Mills,  W.,  nominated  for  election  as  Member  of  Council,  65. — Remarks 

on  Standardization  of  Testing  Welds,  258. 
Mitchell,  A.  M.,  elected  Graduate,   532. 

Mitchell,  P.  G.,  Remarks  on  Mechanical  Loading  of  Ships,  123,  151. 
Mitchell,  R.  J.,  elected  Associate  Member,  469. 
Money  System  of  the  World,  Lecture  by  J.  G.  Graves,  533. 
Montagu,    Lord,     Knight     Commandership    of     Order   of    the   Indian 

Empire,  3. 
Montgojirey,  J.  E.,  Appointment  as  Assistant  Secretary  (Tech.),  5. — 

Elected  Associate  Member,  65. 
Moon,  H.  P.,  elected  Associate  Member,  202. 
Moore,  H.,  O.B.E.,  Award  of  Sir  Robert  Hadfield  Prize,  6. — Paper  on  a 

small    Ball-Harchiess   Testing-Machine,    51. — Presentation    of    Sir 

Robert  Hadfield  Prize,  210. 
IMoRGAN,  W.,  elected  Associate  Member,  362. 
Morris,  W.  H.,  Examination  Prize  Award,   10. — ^Presentation  of  Prize, 

210. 
Morton,  W.  A.,  elected  Associate  Member,  362. 
MowAT,  M.,  Brig. -Gen.,  Commandership  of  Order  of  the  British  Empire, 

3. — -Appointed  Secretary,  5. 
MoYES,  T.  P.,  elected  Graduate,  362. 
MuNRO,  W.  T.,  elected  Graduate,  202. 
MuNTZ,  Sir  G.  A.,  nominated  for  re-election  as  ISIember  of  Council,  64. 

— Re-elected  Member  of  CJouncil,  211.-— Appointed  Vice-President, 

212. 
Murray,  G.  L.,  Remarks  on  Limit  Gauging,  514. 
Musgrave,  J.,  elected  Associate  Member,  202. 
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Nell,  L.,  Associate  Member  transferred  to  Member,  470. 
Newxing,  W.  p.,  elected  Associate  Member,  202. 
NiCHOLLS,  E.  G.,  elected  Associate  Member,  65. 
Nielsen,  H.  L.  R.,  elected  Member,  469. 
NoYES,  E.,  Decease,  4. 

Oakes,  R.,  Lt.-Col.,  R.E.,Commandership  of  Order  of  the  British  Empire, 

3. 
Ogden,  H.,  Remarks  on  Standardization  of  Testing  Welds,  281. 
Ogilvte,  a.,  C.B.E.,  elected  Member,  65. 

OiL-EXGIXES  XOMEKCLATUBE  COMMITTEE,   9. 

Oram,  Sir  H.  J.,  Eng.  Vice-Adm.,  K.C.B.,  Retirement  from  Council,  64 

Ord,  T.  C,  elected  Graduate,  470. 

Ormandy,  W.  R.,  Remarks  on  Purification  of  Boiler  Feed-Water,  340. 

Ormesher,  E.,  elected  Member,  361. 

Owen,  W.,  elected  Graduate,  66. 

OxBROw,  J.  F.,  elected  Associate  Member,  65. 

Pacey,  S.  O.,  Associate  Member  transferred  to  Member,  203. 

Page,  A.  C,  Examination  Prize  Award,  10. — Presentation  of  Prize,  210. 

Pantox,  S.  J.  A.,  elected  Graduate,  202. 

Parez,  W.  T.,  Eng.  Com.,  R.X.,  elected  Member,  531. 

Parker,  F.  T.,  Remarks  on  Mechanical  Loading  of  Ships,  110,  127,  129, 
144,  164. 

Patchell,  W.  H.,  Remarks  on  Mechanical  Loading  of  Ships,  154. — 
Appointed  Vice-President,  212. — Remarks  on  Standardization  of 
Testing  Welds,  245,  258,  274  :— on  Purification  of  Boiler  Feed- 
Water,  342  : — on  World's  Monej'  System,  533. 

Patterson,  A.,  Decease,  4. 

Paul,  D.,  Lt.-Col.,  C.M.G.,  C.B.E.,  R.A.O.C,  Companionship  of  Order 
of  the  Bath,  3. 

Payne,  R.,  Memoir,  545. 

Pearson,  R.  J.  A.,  Remarks  on  Standardization  of  Testing  Welds,  282. 

Peck,  H.  A.,  Capt.,  R.E.,  elected  Associate  Member,  469. 

Peck,  J.  F..  elected  Graduate,  202. 

Pemberton,  S.  T.,  elected  Associate,  470. 

Pendred,  L.  St.  L.,  nominated  for  election  a.s  Member  of  Council.  64. — 
Elected  Member  of  Council,  211. 

Pexn,  a.  E.,  Capt.,  R.A.F.,  elected  Member,  531. 

Petavel,  J.  E.,  Knight  Commandership  of  Order  of  the  British  Empire,  3. 

Peters,  H.,  elected  Graduate,  362. 
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Petrie,  p.  T.,  elected  Associate  Member,  532. 

Petter,  E.  W.,  nominated  for  election  as  Member  of  Council,  65. — 
Kemarks  on  Annual  Report,  206. — Appointed  Member  of  Council, 
212. 

Pile,  J.  E.,  elected  Associate  Member,  65. 

PiLKiNGTON,  p.,  elected  Graduate,  202. 

Pinchbeck,  A.  S.,  elected  Graduate,  66.  ^         ^  ■ 

Piston-Rings  Research,  8. 

Pitt,  G.  A.,  elected  Graduate,  202. 

Pitt,  P.  S.,  Remarks  on  Annual  Report,  20(i,  207,  20'J. 

Pitt,  W.,  Decease,  63. 

Pleydell-Nott,  J.  G.  L.,  Major,  D.S.O.,  R.A.S.C,  elected  Associate 
Member,  362. 

Plowright,  J.  T.,  Decease,  4. — Memoir,  546. 

Plunket,  p.  a.,  elected  Graduate,  470. 

PoNTET,  H.,  elected  Associate  Member,  202. 

PooiiE,  J.  W.,  elected  Associate  Member,  65. 

PooLEY,  F.  H.,  Capt.,  elected  Associate  Member,  66. 

Pope,  Sir  W.,  K.B.E.,  Remarks  on  Purification  of  Boiler  Feed-Water,  330. 

Portrait  of  Dr.  W.  C.  Unwin,  11. 

Potts,  S.  C,  Major,  R.E.,  elected  Associate  Member,  362. 

PowNEY,  W.  E.  F.,  Remarks  on  Purification  of  Boiler  Feed-Water,  343. 

Prescott,  W.  H.,  M.P.,  Commandership  of  Order  of  the  British  Empire,  3. 

Pressures  and  Stresses,  365.    See  Contact  Pressures  and  Stresses. 

Preston,  J.  S.,  elected  Graduate,  202. 

Price,  J.  V.,  elected  Graduate,  362. 

Prior,  U.  J.,  elected  Graduate,  203. 

Purification  of  Boiler  Peed-Water,  Paper  by  P.  Kestner,  291. — 
Pm-ification  at  high  temperature,  292  ;  increase  of  speed  of  reaction  ; 
diminution  of  viscosity,  293. — Continuous  blow-down,  295  ; 
position  of  blow-down  ;  proportions,  300. — Central  stations  using 
distilled  water,  302. — Causes  of  Corrosion,  305. — Oxygen  in  solution 
in  feed,  309  ;  method  of  obtaining  oxygen  content,  312. — Removal 
of  gases  by  physical  methods,  314  ;  thermal  and  mechanical 
removal,  317;  vacuum  appliances,  318;  chemical  removal,  319; 
Kestner  apparatus^  323. 

Joint  Discussion  with  Society  of  Chemical  Industry. — Sankey, 
Capt.  H.  R.,  330.— Pope,  Sir  W.,  330.— Hinchley,  J.  W.,  331. 
— Spyer,  A.,  332.— Bailey,  R.  W.,  334.— Donnan,  F.  G.,  338.— 
Brame,  J.  S.  S.,  339.— Ormandy,  W.  R.,  340.— Patchell,  W.  H., 
342.— Kestner,   P.,   342. 

Communications. — Bailey,     R.    W.,    342. — Coste,    J.    H.,    and 
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Powney,  W.  E.  F.,  343. — Jackson,  P.  G.,  346.— Riviere,  P.  L.,  347. 

— Kestner,  P.,  351. 
PuRNELL,  H.  G.,  elected  Graduate,  532. 
Pyne,  F.  D.,  Major,  R.E.,  Decease,  4. 


RANDER.SON,  G.,  elected  Graduate,  362. 

Raven,  Sir  V.  L.,  K.B.E.,  appointed  Vice-President,  212. 

Rawlings,  p.  T.,  Oapt.  R.A.F.,  Decease,  4. — Memoir,  546. 

Rayden,  R.  G.,  elected  Graduate,  203. 

Reaveli.,  W.,  nominated  for  re-election  as  Member  of  Council,   64. — 

Re-elected  Member  of  Council,  211. 
Redfern,  C.  J.,  Associate  Member  transferred  to  Member,  363. 
Reeve,  W.  A.,  elected  Associate  Member,  470. 
Refrigeration  Research,   8. 
Reid,  R.  W.,  Commandership  of  Order  of  the  British  Empire,  3. — Associate 

Member  transferred  to  Member,  66. 
Reid,  W.  A.,  elected  Graduate,  470. 
Remington,  A.  A.,  Remarks  on  Limit-Gauging,  523. 
Renfrew,  J.  McK.,  elected  Associate  Member,  470. 
Renton,  G.  a.,  elected  Associate  Member,  470. 
Renton,  G.  F.,  elected  Graduate,  470. 
Report  of  Counch,,  Annual,  1. 
Research. — Grants,  6  : — Alloys;  Wire-Ropes;  Steam  Nozzles ;  Hardness, 

7  ;    Piston  Rings  ;    Cutting  Tools  ;    Refrigeration,  8. 
Revill,  J.  J.  C,  Capt.,  R.E.,  elected  Associate  Member,  66. 
Rich,  T.  A.,  Remarks  on  Standardization  of  Testing  Welds,  273. 
Richards,  T.  H.,  elected  Associate  Member,  202. 
Richardson,  D.,  Capt.,  R.A.F.,  Remarks  on  Standardization  of  Testing 

Welds,  251. 
Richardson,  H.,  Remarks  on  Contact  Pressures  and  Stresses,  454. 
Richardson,  J.,  Decease,  4. 

Richardson,  P.,  Capt.,  R.E.,  elected  Associate  Member,  470. 
Richardson,  T.  B.,  elected  Associate  Member,  362. 

Ridley,  C.  O.,  O.B.E.,  nominated  for  election  as  Member  of  Council,  65. 
Ritchie,  J.,  elected  Graduate,  203. 

Ritchie,  T.  M.,  Remarks  on  Mechanical  Loading  of  Ships,  154. 
Riviere,  P.  L.,  Remarks  on  Purification  of  Boiler  Feed- Water,  347. 
Roberts,   D.   E.,  nominated  for  election   as  Member  of  Council,   64. — 

Appointed  Member  of  CoimcU,  212. 
Roberts,JG.  H.,  C.B.E.,  Remarks  on  Standardization  of  Testing  Welds, 

283. 
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Roberts,  T.,  Decease.  4. 

Robertson,  D.  A.,  elected  Graduate,  362. 

Robertson,  H.  J.,  Capt.,  M.C.,  R.A.S.C,  elected  Associate  Member,  470. 

Robertson,  J.  F.,  Associate  Member  transferred  to  Member,  470. 

Robins,  G.  M.,  Decease,  4. 

Robinson,  G.  H.,  elected  Associate  Member,  202. 

Robinson,  J.  G.,  Commandership  of  Order  of  the  British  Empii-e,  3. 

Robinson.  M.  H.,  Past  Vice-President,  appointed  a  Member  of  the  Council, 

211. — Remarks  on  Annual  Report,  208. 
RoGERSON,  A.  C,  Commandership  of  Order  of  the  British  Empire,  3. 
RoGERSON,  J.,  Decease,  4. 
RoLFE,  R.  T.,  Paper  on  the  Mechanical  Qualities  required  in  Eyebolts, 

177. 
RoLLO,  G.,  Brig. -Gen.,  D.S.O.,  Companionship  of  Order  of  St.  Michael 

and  St.  George,  3. 
RoNAXD,  J.,  M.B.E.,  elected  Associate  Member,  362. 
Rons,  R.  F.,  elected  Associate  Member,  66. 
Ropeways,  Aerial,  for  Loading  of  Ships,  70. 
RoscoE,  H.  J.,  elected  Associate  Member,  470. 
Rose,  S.,  elected  Associate  Member,  202. 

Ross,  Major  A.  A.,  O.B.E.,  Remarks  on  Limit  Gauging,  505. 
Ross,  A.  J.  C,  Commandership  of  Order  of  the  British  Empire,  3. 
Ross,  F.  G.,  Decease,  4.  — ^Memoir,  547. 
Ross,  H.  H.,  elected  Graduate,  362. 
RuNDAi-L,  C.  F.,  Lt.-Col.,  D.S.O.,  R.E.,  Companionship  of  Order  of  St. 

Michael  and  St.  George,  3. 
RyvES,  F.  D.  M.,  elected  Graduate,  203. 


Sadler,  R.  W.,  elected  Associate  Member,  532. 

Sankey,  H.  R.,  Capt.,  C.B.,  R.E.,  ret.,  Commandership  of  Order  of  the 
British  Empire  3. — Remarks  on  Decease  of  W.  Pitt,  63. — 
Nominated  for  re-election  as  President,  64. — Remarks  on  Mechanical 
Loading  of  Ships,  110,  128  :  — at  Unveiling  and  Dedication  of  War 
Memorial,  197  : — on  Annual  Report,  203-9  : — on  Benevolent  Fund, 
209. — Re-elected  President,  210. — Remarks  on  Standardization 
of  Testing  Welds,  245,  256  : — on  Joint  Meeting  with  Society  of 
Chemical  Industry,  289  : — on  Purification  of  Boiler  Feed-Water, 
330  : — on  Contact  Pressures  and  Stresses,  434  : — on  Limit  Gauging, 
475,  481. 

Scoble,  W.  a..  Remarks  on  Contact  Pressures  and  Stresses,  461. 

Scotland,  L.  J.,  elected  Graduate,  532. 
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Scott,  H.  R.,  elected  Graduate,  203. 

Scott,  J.,  Decease,  4. 

Screw-Thread  Gauges,  Paper  by  T.  F.  Davey,  191. — Tolersince,  191. — 
Methods  and  apparattis  used. — Compensation  and  correction  for 
errors. — Cutting  tools. — Taps,  192. — Lapping,  194. — Heat  treat- 
ment, 195.— Correction  of  errors,  196. 

Secretaryship,  Resignation  of  E.  Worthington,  5. — Appointment  of 
Brig.-Gen.  M.  Mowat,  5. 

Sethna,  R.  M.,  elected  Associate  ]Member,  362. 

Shephard,  G.  a.,  elected  Graduate,  3G2. 

Ships,  Mechanical  Loading,  67.    See  Mechanical  Loading  of  Ships. 

Shirtoff,  E.  M.,  elected  Graduate,  362. 

SiMMONDS,  S.  H.,  elected  Graduate,  362. 

Sims,  G.  A.,  Capt   R.A.S.C,  elected  Associate  Member,  470. 

Singleton,  A.  B.,  elected  Associate  Member,  66. 

Sir  Robert  Hadfield  Prize  Fund,  Grants,  6. — Accounts,  26. — Conditions 
of  Award,  28. 

Smajrt,  A.,  Remarks  on  Mechanical  Loading  of  Ships,  156. 

Smith,  A.  J.,  Associate  Member  transferred  to  Member,  363. 

Smith,  D.  B.,  elected  Graduate,  470. 

Smith,  F.  L.,  elected  Associate  Member,  66. 

Smith,  H.,  M.B.E.,  Memoir,  547. 

Smith,  H.  A.,  elected  Graduate,  362. 

Smith,  M.  H.,  moved  reappointment  of  R.  Crane  as  Auditor,  213. 

Smith,  H.  J.,  Paper  on  the  Mechanical  Loading  of  Ships,  67. 

Smith,  H.  R.,  Associate  Member  transferred  to  Member,  363. 

Smith,  W.  G.,  Remarks  on  Mechanical  Loading  of  Ships,  139. 

Smitz,  W.  B.,  elected  Graduate,  470. 

Society  of  Chemical  Industry,  Joint  Meeting,  Paper  on  Degassing  and 
Purification  of  Boiler  Feed-Water,  289. 

SouzA,  M.  C.  de,  elected  Graduate,  532. 

Sparkes,  W.  J.,  elected  Graduate,  203. 

Spence,  W.  L.,  Remarks  on  Mechanical  Loading  of  Ships,  159. 

Spencer,  A.  J.,  Associate  Member  transferred  to  Member,  203. 

Spencer,  C.  A.,  elected  Graduate,  203. 

Spencer,  H.  B.,  Remarks  on  Annual  Report,  207. 

Spyer,  a..  Remarks  on  Purification  of  Boiler  Peed-Water,  332. 

Staff,  S.  H.,  elected  Graduate,  532. 

Stamer,  a.  C,  Commandership  of  Order  of  the  British  Empire,  3. 

Stamford,  A.  R.,  Major,  R.A.O.C,  elected  Member,  531. 

Standardization  of  Testing  Welds,  Paper  by  F.  M.  Farmer,  225. — 
Necessity,  226. — Fundamental  basis. — Kinds  of  Standards  :    Shop, 
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227  ;  Commercial ;  Research,  228. — ^Numerical  evaluation  of 
welds,  229. — Standard  procedure  in  mechanical  tests,  230  ;  tensile, 
231  ;  bending,  232  ;  fatigue,  235  ;  machine  for  testing,  237. — 
No.  of  specimens  that  should  be  tested,  240. — Elongation  data,  tests, 
etc.,  in  tensile  tests,  241. — Standard  stress  value  in  fatigue, 
242. — Inspection  and  tests  of  welds  in  structmres,  244. 

Discussion  in  London,  18  Feb.,  1921.— Patchell,  W.  H.,  245,  258. 
— Sankey,  Capt.  H.  R.,  245,  256.— Bagnall-Wild,  Brig.-Gen.  R.  K., 
245.— Johnson,  R.  S.,  247.— Dolby,  E.  R.,  251.— Richardson, 
Capt.  D.,251.— Haigh,B.  P.,  253.— Stanton,  T.  E.,  255.— Caldwell, 
Major  J.,  256.— Mills,  W.,  258. 

Discussion  in  Manchester,  24  Feb.,  1921. — Adamson,  D.,  259. — 
Stromeyer,  C.  E.,  261,  263.— Boswell,  S.,  261.— Lang,  E.  F.,  265. 
— Carrington,  H.,  267.— Cinders,  E.  M.,  268.— Jackson,  W.  M., 
268.— Goodger,  A.  H.,  270.— Rich,  T.  A.,  273.— Patchell,  W.  H., 
274. 

Communications. — Elstob,  F.,  275. — Fowler,  Sir  H.,  276. — 
Heaton,  T.  T.,  277.— Hibberd,  F.  C,  278.— Jones,  E.  H.,  280.— 
Ogden,  H.,  281.— Pearson,  R.  J.  A.,  282.— Roberts,  G.  H.,  283.— 
Wingfield,  C.  H.,  286.— Farmer,  F.  M.,  287. 
Stanton,  T.  E.,  Commandership  of  Order  of  the  British  Empire,  3. — 
Nominated  for  election  as  Member  of  Council,  65. — Elected  Member 
of  Council,  211. — Remarks  on  Standardization  of  Testing  Welds, 
255. 

StABLEY   PBEMItTM   FUND,    AcCOUUtS,    24. 

Steam,  Generation  of,  Lecture  to  Graduates'  Association  by  Sir  J. 
Dewrance,  K.B.E.,  215. — Output  of  coal,  215. — Absorption  of 
heat  by  water,  216. — Corrosion,  217  ;  effect  of  magnesium  chloride, 
218  ;  effect  of  soda,  219.— Air  corrosion,  221.— Effect  of  oil,  222  ; 
Plvimbago  instead  of  oil  for  lubrication,  223. 

Steam-Nozzles  Research,  7. 

Steinheil,  Baron  G.,  Remarks  on  Mechanical  Loading  of  Ships,  161. 

Stiles,  H.,  elected  Associate  Member,  66. 

Stock,  A.  R.,  Appointment  as  Librarian,  5. 

Stoney,  G.  G.,  Remarks  on  Contact  Presstires  and  Stresses,  448. 

Stresses,  365.    See  Contact  Pressures  and  Stresses. 

Stromeyer,  C.  E.,  O.B.E.,  Remarks  on  Standardization  of  Testing  Welds, 
261,  263  : — on  Contact  Pressures  and  Stresses,  441,  450. 

Stuart,  M.  D.  G.,  elected  Graduate,  203. 

Student  Visitors,  15. 

SucKAN,  C.  A.,  elected  Associate  Member,  362, 

Summer  Meeting,  Lincoln,  14. 
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Swan,  A.,  elected  Associate  Member,  66. 

Swan,  P.,  elected  Member,  65. 

Symonds,  J.  C,  Major,  R.A.S.C.,  elected   Associate  Member,  202. 

Tatfs,  C.  W.  J.,  elected  Associate  Member,  202. 

Tamplest,  G.  R.,  elected  Graduate,  532. 

Tangye,  G.,  Decease,  5. — Memoir,  548. 

Taylor,  W.,  O.B.E.,  Remarks  on  Limit  Gauging,  481. 

Taylor,  W.  H.,  Decease,  5. 

Testing-Machine,  Ball-Hardness,  Paper  by  H.  Jloore,  O.B.E.,  51. 

Thomas  Hawksley  Fund,  Lecture  in  1920,  13. — Accounts,  25. 

Thompson,  C,  elected  Graduate,  203. 

Thompson,  G.  W.,  Remarks  on  Annual  Report,  205,  207,  209. 

Thompson,  J.,  Associate  Member  transferred  to  Member,  470. 

Thomson,  H.  J.,  Remarks  on  Limit  Gauging,  486,  510. 

Thornley,  G.,  Decease,  5. 

Thorp,  H.,  elected  Associate  Member,  362. 

Titren,  G.  E.  de  K.,  Associate  ]NIember  transferred  to  Member,  203. 

Tbansfebences  of  Associate  Members  to  Members,  66,203,363,470,  533. 

Transporters  for  loading  of  Ships,  97. 

Travis,  H.,  Commandership  of  Order  of  the  British  Empire,  3. 

Trigle,  S.  E.,  elected  Associate  Member,  202. 

Trost,  H.  R.,  elected  Associate  Member,  532. 

Tulip,  W.,  Decease,  5. 

T WINCH,  W.,  elected  Associate  Member,  362. 

Unwin,  W.     C.,   Portrait,  11. — Past-President,   appointed  a   Member  of 
the  Council,   211. 

Vaughan,  p.  B.,  elected  Graduate,  203. 
Venning,  S.  E.,  elected  Associate  Member,  66. 
ViCKERY,  F.  W.,  O.B.E.,  elected  Member,  65. 

Wadams,  S.  J.,  elected  Associate  Member,  202. 

Wade,  E.  D.,  Decease,  5. 

Wagon-Dumpers,  93. 

Walkem,  G.  a..  Associate  Member  transferred  to  Member,  203. 

Wall,  L.  A.,  elected  Graduate,  66. 

Walter,  R.  C.,  elected  Associate  Member,  470. 

War  Memorial,  5. — Unveiling  and  Dedication,  197. 

Ward,  W.,  elected  Associate  Member,  66. 
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Wateb,  Degassing  and  Purification,  291.  See  Purification  of  Boiler  Feed- 
Water. 

Water  Arbitration  Prize  Fund,  Accounts,  24. — Regulations  for 
Seventh  Award,  27. 

Waters,  H.  R.,  elected  Graduate,  532. 

Watson,  Major  F.  L.,  Remarks  on  Limit  Gauging,  512. 

Watson,  G.  W.,  Remarks  on  Limit  Gauging,  527. 

Watson,  R.  S.,  Decease,  5.- — Memoir,  549. 

Watt  Memorial,  15. 

Watts,  H.  W.,  Capt.,  R.E.,  Associate  Member  transferred  to  Member,  203. 

Wayte,  J.  B.,  Decease,  5. 

Webb,  H.  A.,  Associate  Member  transferred  to  Member,  533. 

Webb-Bowen,  H.  E.,  Col.,  D.S.O.,  R.E.,  Companionship  of  Order  of 
St.  Michael  and  St.  George,  3. 

Weir,  Lord,  P.  C,  Retirement  from  Council,  64. 

Welds,  Standardization  of  Testing,  225.  See  Standardization  of  Testing 
Welds. 

Westminster,  The  Dean  of,  dedicated  War  Memorial,  199. 

Whitehead,  R.  AV.,  elected  Associate  Member,  470. 

Whitehouse,  H.  E.,  elected  Graduate,  66. 

Whyte,  D.,  elected  Graduate,  203. 

Wilcox,  J.  G.,  Decease,  5. — Memoir,  549. 

Wild,  W.  R.,  elected  Associate  Member,  532. 

WiLLANS  Premium  Fund,  Accounts,  24. 

WiLLCOX,  C.  W.,  elected  Associate  Member,  202. 

Williamson,  E.,  Associate  Member  transferred  to  Member,  533. 

Wilson,  T.  M.,  elected  Associate  Member,  362. 

Winder,  B.  W.,  Decease,  5. — Memoir,"  549.  • 

WiNDLE,  S.  R.,  elected  Member,  531. 

WiNGFiELD,  C.  H.,  Remarks  on  Standardization  of  Testing  AVelds,  286  : — 
on  Contact  Pressures  and  Stresses,  464. 

WiRE-RoPES  Research,  7. 

Withers,  G.  INL,  M.B.E.,  elected  Associate  Member,  532. 

Women  Candidates  for  Membership,  10. 

Wood,  Sir  L.,  Bart.,  Decease,  5. — Memoir,  550. 

Wooding,  J.,  elected  Graduate,  203. 

World's  Money  System,  Lecture  by  J.  G.  Graves,  533. 

Worsdell,  W.,  Decease,  5. 

WoRTHiNGTON,  E.,  Resignation  of  Secretaryship,  5. 

Wright,  A.  R.,  Remarks  on  Mechanical  Loading  of  Ships,  162. 

Wright,  H.,  Decease,  5.— Memoir,  551. 

Wright,  J.  R.,  Col.,  Baronetcy,  3. 
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Wright,  P.  A.,  elected  Graduate,  203. 
Wyvili,,  p.  C,  Decease,  5. 

Young,  F.  W.,   Capt.,  C.B.E.,  Knight  Commandeiship  of  Order  of   the 
British  Empire,  3. 

ZiMMEB,  G.  F.,  Remarks  on  Mechanical  Loading  of  Ships,  163. 


BALL-HARDNESS  TESTING-MACHINE 


Plate  1. 


Fig.  3.     Table  of  Machine,  with  fitting 

for  carrying   on   a  mandril   the  middle 

portion  of  a  small-arm  cartridge-case. 


Fig.  2. 

Small  Ball-hardness 

Testing-Machine. 

Capacity  100  kg. 
shown  with  ball  of  1  mm. 
diam.,  and  load  of  10  kg. 


Fig.  4.     Machine  designed  for  testing 

small-arm  cartridge-cases. 
Diam.  of  ball,  0-8  mm.    Load,  6-4  kg. 
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PlateZ.  BALL-HARDNESS    TESTING-MACHINE. 


Fig.  5. 
250    kg.    Machine   de- 
signed for  testing  Q.F. 
cartridge-cases  and 
other  large  objects, 
with  microscope 
attached. 


Fig.  6.  Microscope  fitted  with  lamp, 
vertical  illuminator  and  filar  micro- 
meter eye- piece,  for  measuring  small 
impressions. 


On 


Fig.  7.  Axial  section  through  a  broken  tensile  test-piece.  The 
strain-hardening  has  been  explored  by  means  of  the  impressions 
shown,  made  with  a  ball  of  1  mm.  diam.  and  a  load  of  30  kg. 


MECHANICAL    LOADING    OF    SHIPS. 


Plate  3. 


Fig.  1.     Grab  Transporter, 

for  Unloading  Colliers 
and  Bunkering  Battleships. 


Fig.  3.     Grab  Transporter,  Hanyang  Steel  Works,  China. 
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Plate  4. 


MECHANICAL    LOADING    OF  SHIPS. 


Fig.  4.     Belt  Conveyor 
Shipping  Plant,  Bilboa. 

Capacity  1,000  tons  per  hour. 
No  Dock  required. 


Fig.  5.     Bucket-Carriage, 
Sehabna  Rotfeway. 


Fig.  0.     Shipping  Plant,  Sehabna  Mines. 


ta 


Fig.  7.     Loading  Station  at  Mine,  Sebabna  Ropeway. 
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MECHANICAL    LOADING   OF   SHIPS. 

Sehahna  Plant. 
Fig.  8.     Tension  Station. 


Plate  5. 


Fig.  1].     Ropcujy  Terminus  and  Storage  Bunkers. 


MccJi.niicid  I:}:t:i>iecrs  h'21 
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Plate  6.  MECHANICAL    LOADING    OF   SHIPS. 

Fig.  12.     Bucket  Runway  connecting  Bridge  to  Tunnel,  Sebahna  Mines. 


Fig.  1.").     42-inch  Movable  Belt  Shipping  Plant. 
Loading  capacity  500  tons  per  hour. 


Fig.  16.     Dumper  for  Tipping  75-ton  Wagons,  Durban. 
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MECHANICAL    LOADING    OF   SHIPS. 

Fig.  17.     Grab   Transporter,  Han-Yeh-Ping. 


Plate  7. 


Fig.  18.  42-inch  l-ixtd  lU  It  Shippnii;  Plant.         Fig.  lit.  Biiukcrs  ofabuve  Trausportet 

Loading  capacity 
500  tons 
per  hour. 
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Plates.  MECHANICAL    LOADING    OF    SHIPS. 

Grab  Transporter,  Han-Yeh-Ping. 
Fig.  21.     General  view  of  Structure. 


Mechanical  Engineers  1921 


MECHANICAL    LOADING    OF   SHIPS. 


Plate  9. 


(Mr.  A.  Binnx'  remarks.] 


Fig.  3L     Long-Span  Crane  {Walker) 
Engaged  on  Dockyard  Extensions. 


(Mr.  J.  H.  Anderson's  remarks.) 

\Vv  \  Fig.  32.    "  Herman  Saiiher" 

\\\  \  (Doxford)  at  Purfleet. 

Discharges  1,200  tons  of 
coal  per  hour. 
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Plate  10.        MECHANICAL    LOADING    OF    SHIPS. 

(Mr.  J.  H.  .-inderson's  remarks.) 

Fig.  33.     Cutting  and  Loading  Machine  (J^ff*'^.V)>  Coal  being  delivered 

to  Storage  Hopper. 


{Mr.  J.  M.  Henderson's  communication., 

Fig.  34.    Double-Inclined  Gravitation  Ropeway,  Liverpool. 


Fig.  35.     Acrhil  (  iibiiiiUiy,  hiclincd  Lower  Support,  Dock  Works, 
Rio  de  Janeiro, 
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MECHANICAL    QUALITIES    OF    EYEBOLTS.       Plate  11. 


v^fe 


m^ 


X 


Fig.  L 

Macro-print 
from 

Outside  Eyeholt  No.  4. 
(I"  holt  with  i\"  eye.) 


'% 


% 


Fig.  2. 

Macro-print 

from 

Outside  Eyeholt  Xo.  5. 

(I"  holt  with  I"  eye.) 
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WAR    MEMORIAL. 


Plate  12. 


Unveiled  and  Dedicated 
17th  February,  1921. 
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STANDARDIZATION    OF   TESTING    WELDS.     Plate  13. 
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Plate  14.  STANDARDIZATION    OF   TESTING    WELDS. 

IDr.  B.  P.  Haigh's  remarks). 

Fig.  8.     V  Butt  Weld,  showing  added  metal  and  brittle  structure 
produced  by  over  heating.  xlOO  d. 


„.      „       ,,          D  /.  Ti-  ;j     ^T  (  ,     ji  J  Fig.  10.   Face  \  lew  of  a  Tensile 

Fier.  9.    Above   Butt  Weld,   Metal  added  ,-      ^        7    7/    j,a       •      u  un 

.&".,.,  ~  J  t  racture,  half  appearing  brittle 

in  .  distinct  runs.  x  2  d.  J^  jQ^j  ^^^^  - 


Fig.  11.     Tough  part  {Fig.  10.) 
showing  Ferritic  structure.  ^'SOOd. 


Fig.  12,  Brittle  part  showing 
lam inated  structure.  x  500  d. 
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STANDARDIZATION    OF   TESTING    WELDS.  Plate  15. 

(Mr.  F.  C.  Hibberd's  c<:imtnu>iicalion). 

Fig.  13.     Mild  Steel  as   Welded.        Fig.  14.    Mild  Steel  as    Welded. 

X  450  d.        0  '20%  Carbon  Steel.  x  450  d. 


Fig.  15.    Mild  Steel  Annealed. 


x45i>  d. 


^"^'^SV 


■■a 


Fig.  16.    M/W  5^fg/  as  Welded 


x450  d. 
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CONTACT     PRESSURES    AND     STRESSES.     Plate  16. 

Fig.  8.     Stress  in  a  Large  Rectangular  Block 
loaded  over  a  small  part  of  its  upper  surface. 


Fig.  II.     Stress  in  a  Square  Block  loaded 
centrally  over  a  part  of  its  upper  surface. 
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CONTACT     PRESSURES     AND     STRESSES.     Plate   17. 


Fig.  25.     A  Tension  Test-piece 
gripped  laterally  by  knife  edges. 


Fig.  29.     The  Stress  in  a  Flat  Tension  Test  Specimen 
of  the  Contour  used  by  Prof.  Dalby. 
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